Compressive strength of brick masonry walls with reference to wall by Awni, Adnam Abdulla
'THE COMPRESSIVE STRENGTH OF BRICK MASONRY WALLS 
WITH REFERENCE TO WALL/FLOOR SLAB INTERACTION' 
A Thesis submitted for the Degree of 
Doctor of Philosophy 
of the 
UNIVERSITY OF EDINBURGH 
by 
ADNAN ABDULLA AWNI 
BAE,Build. & Const.(Baghdad), MSc.Struct.Eng. (Surrey) 




TO MY WIFE 
ABSTRACT 
The object of this thesis is to establish a theoretical approach 
for estimating the compressive strength of brick masonry walls taking 
into account the interaction between the brick supporting walls and 
reinforced concrete slab floors. 
Chapter 1 introduces the problem of brickwork in compression and 
reviews previous investigations carried out in this field. 
The determination of capacity reduction factors and accordingly 
the load bearing capacities for walls bent in double curvature is 
discussed in Chapter 2. 
In Chapter 3, the capacity reduction factors and wall bearing 
capacities are discussed for two types of single curvature bending. 
A simplified method for the determination of joint moments and 
eccentricities is developed in Chapter 4 which covers all usual joint 
configurations and locations, exterior or interior. 
Chapter 5 presents a description of the test programme carried out 
and the analyses of the test results are presented in Chapter 6. 
The application of the theories presented in computing joint 
eccentricities and loadbearing capacities is presented in Chapter 7 
together with comparisons made with existing design codes as applied to 
practical design cases. 
Finally, in Chapter 8, the general conclusions arising from this 
research are listed together with some suggestions for future work. 
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PRINCIPAL NOTATIONS: 
b = 	Wall width 
c = 	Wall curvature 
Cf = 	Coefficient 	(1/12) 
Cs  = 	Moment Coefficient for two way slabs, depending on 
configuration 
= 	Characteristic compressive strength of masonry 
= 	Modulas of elasticity of concrete 
Ew Modulas of elasticity of brickwork 
a = 	Eccentricity of wall load 
= 	e/t (relative eccentricity) 
PL/ft) = 	Eccentricity at failure = 1/2 0 - 
G = 	Dead load of wall per storey 
H = 	Actual wall height 
= 	Length of equivalent column 
H/t = 	Slenderness ratio 
is  Second moment of area of floor slab 
= 	Second moment of area of brick wall 
K = 	abr b.t. H2/(EI)w 







L Floor slab span 
L 1 = 	Longer floor span on one side of joint 
½ = 	
Shorter floor span on the other side of joint 
m = 	Ratio of short to long span of floor 
= 	Ratio of short span to long span of larger slab floor 
on one side of the joint 
= 	Ratio of the short span to long span of the shorter 
slab floor on the other side of the joint 
N 	= wL2/ 12 (Fixed end moment) 
MR 	= Rigid frame moment 
= Actual joint moment 
n 	= Ordinal number of a floor slab reckoned from the top 
of a building (i.e. roof slab, n = 	1) 
P 	= Compressive load in wall 
= Eular critical load 
= Compressive force acting on the wall immediately above 
a floor slab 
= Compressive force acting on the wall immediately below 
a floor slab 
R 	= A factor depending on wall eccentricity, wall slenderness, 
and type of wall curvature 
S 	= Twice the length from wall end to end of the equivalent 
column 
t 	= Actual wall thickness 
teff 	= Effective wall thickness 
U 	= Deflection of wall (or equivalent column) 
U0 	= Maximum deflection of wall (or equivalent column) 
W 	= Total uniformly distributed load of slab dead and live 
load 
= PH2/(EI) 	) 
) 	where: 	H.= 	1/2 actual wall height for 
= (H/t).w 	) walls bent in double curvature and 
) 	 the full wall height for walls bent 
= (H/t).Ø 	) in single curvature 
= Capacity Reduction factor = P/yb.t. = 
= Wall stress 
b.r. 	= Prism compressive strength 
amax 	= Maximum compressive stress in wall 
W 	= Angle of rotation of wall relative to the compressive 
force line 
= 	Wall strain 




I = 	Modification- factor for stress failure equations 
(short walls) 
= 	O.5H/(0.5H - 	1.5t) 	(Double curvature) 
= 	H/(H - 1.50 	(Single curvature) 
= 	Partial safety factor 
X = 	Stiffness of wall/slab joint 
X = 	2(EI) 5 /XL 
c'. = 	K/2 
0 = 	Actual wall end rotation 
= 	Slab end rotation 
ej 
= 	Joint rotation 
= 	Wall end rotation 
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CHAPTER 1 - BRICKWORK IN COMPRESSION: 
1.1 	INTRODUCTION: 
Investigation into the load bearing strength of brickwork was 
undertaken from time to time many decades ago, but it is only as 
recently as the late forties that loadbearing brickwork has come into 
use on the basis of engineering principles. 	The revived interest in 
loadbearing brickwork was prompted by the realisation that structural 
brickwork could, under favourable circumstances, be an economic 
proposition for high-rise structures, exemplified aptly in the erection 
of multi-storey buildings in loadbearing brickwork in Switzerland, Canada, 
USA, UK and elsewhere. 
In the early stages of the investigation into the compressive 
strength of brickwork, research programmes were concerned mainly in 
gathering reliable experimental data on which to base the first Code of 
Practice and subsequently to update its provisions where these were found 
to be unduly conservative. 	Little effort was made at this point to 
achieve a theoretical solution which could describe the behaviour of 
brickwork in compression. 
From observations of the failure mode of centrally compressed 
walls, it has been noted that failure is usually initiated by vertical 
cracking of the bricks. (1) 	It is also widely known that since masonry 
constructed with mortars composed of portland cement and hydrated lime 
possesses little tensile strength perpendicular to the course joints, 
such masonry should,as far as possible, be loaded concentrically in order 
to maximise its compressive loadbearing capacity. 	However, in practice, 
eccentricity of the gravity loading is virtually impossible to avoid, 
since bending of the floors imposes a displacement of the reaction from 
the centric axis of the wall. 	In addition, if the floor end rotations 
are restrained, a bending moment is induced in the wall which causes 
the/ 
2 
the same effect on the wall bearing capacity as misalignment of the 
vertical load. 	Thus, the influence of eccentricity and slenderness 
are coupled in practice and, assuming that both are known, the capacity 
of the wall may be expressed as a fraction of the capacity of a short 
concentrically loaded wall, this factor may be defined as a stress, or 
capacity reduction factor. 
Since the bearing strength of masonry, having low tensile 
strength, decreases rapidly with increasing eccentricity (2), the 
accurate assessment of the wall moment at a wall/floor joint is important. 
However, this assessment is difficult since the moment is 
influenced by the degree of fixity at the joint, the floor loading, 
the wall loading, the method of construction, and most significantly 
on the relative stiffnesses of the floor slab and wall. 	In addition, 
long term effects including creep may influence the magnitude of the 
wall eccentricity. 	As a result of these difficulties, little informa- 
tion is available to assist the designer in estimating the wall 
eccentricities which should be used in design. 
If a structure composed of loadbearing masonry walls and 
reinforced concrete floor elements is idealized as a plane frame 
structure, several problems still exist in making an accurate assessment 
of the wall eccentricities. 	These problems may be discussed in relation 
to the rigidity of the wall/floor slab connections. 	If the wall/floor 
joints are considered to be fully rigid, the determination of the 
distribution of moment throughout the frame, for a given loading, is 
complicated by the fact that the wall stiffness may be dependent on the 
wall loading. 	Thus, if the eccentricities of the wall loadings cause 
tension cracking, the rigidity of the frame is reduced and a redistribu- 
tion of moment takes place. 	Since the extent of wall cracking is not 
known in advance, an accurate analysis may require several iterations in 
which the effect of cracking on the moment redistribution is repeatedly 
revised/ 
3 
revised. 	This nonlinearity further restricts the validity of the 
solution obtained to the loading magnitude initially considered and a 
complete nonlinear analysis is, therefore, required for each loading 
of interest. 	Further refinements in the analysis, such as considering 
the secondary effects of wall bending deformations on the extent of 
cracking add to the complexity of the analysis. 
At the other extreme, even if the wall/floor slab connection 
is considered to be perfectly pinned, the magnitude of the eccentricity 
of the floor reaction is not well defined. 	A common assumption is 
that the pressure distribution under the bearing area is triangular, (3)  
although if the floor slab span is reduced, a uniform pressure distribu- 
tion may be assumed. 	However, even for a wall supporting a roof slab, 
either of these assumptions is an oversimplification which at best can 
only be valid for some situations. 	A more serious criticism of these 
assumptions is that there is little information to indicate that the 
errors involved are on the safe side. 	The fact that many loadbearing 
masonry structures designed on these basis have performed satisfactorily 
is not in itself a proof of the validity of these design eccentricities. 
For a semi-rigid wall/floor slab connection, the moment-
rotation behaviour of the joint must be accurately known, and unless it 
can be represented as a linear function which remains constant, a non-
linear iterative solution procedure will be required irrespective of 
the possibility of wall cracking. 	In this case also, details of the 
joint construction, properties of the concrete floor slab, masonry and 
mortar, and the precompression in the joint will undoubtedly influence 
the moment -rotation behaviour. 
1.2 	REVIEW OF PREVIOUS WORK: 
Past research (2) on brick masonry compression elements with well 
defined end conditions indicatesthat test results agree well with the 
theoretical/ 
4 
theoretical predictions based on neglecting the tensile strength of the 
masonry. 	The complexity of theoretical investigations of the bearing 
capacity of linear elastic walls having no tensile strength depends on 
whether or not slenderness effects are considered. 	Investigations by 
Kazinczy 4 in 1933-34 and Nylander'5 in 1944 ignored the effects of 
second order deflection resulting from the compressive loading in 
determining wall bearing capacities. 	These additional deflections 
give rise to changes in the effective cross-sectional area of the wall 
with a resulting reduction in wall bearing capacity. 	Thus, more 
recent studies have included the effect of the additional deflection 
on the behaviour of the masonry wall. 	Unfortunately, consideration 
of the additional deflections coupled with the assumption of zero 
tensile strength leads to a complex differential equation. 	The basic 
equation was solved by Angeo 6 in 1954 and Chapman and Slatford 7  
in 1957. 
Other notable contributions include the development of equations 
by Monk (8) for cracked or uncracked walls which include the effects of 
slenderness. 	The resulting formulae are too complicated for practical 
use, and as a result,Monk developed a table of stress reduction factors 
for use in design. 	These factors were developed after modification of 
the theoretical equations as a result of a comparison with an extensive 
series of wall-column tests conducted by the Brick Institute of America. 
The present design specifications of the BIA 3 include stress reduction 
factors for both slenderness effects and eccentricity. 	The major 
variables involved in evaluating these reduction factors are, wall 
slenderness ratio, magnitude of the maximum eccentricity, and the type 
of wall curvature. 	However, in spite of this detailed elastic design 
procedure, the magnitudes of the end eccentricities to be used in design 
are primarily based on engineering judgement. 
Chen / 
5 
Chen '  has approached the theoretical problem by using curvature 
curves to predict the response of eccentrically loaded columns and walls. 
However, again, this study is primarily related to evaluating the effect 
of eccentric loading on wall capacities and little information is 
available to estimate eccentricities that should be used in design. 
The effects of the loading condition on the strength of brick 
and mortar have been the subject of an extensive study carried out by 
Hendry. (10) 
	The effects of slenderness on the capacity of brick 
masonry walls have been experimentally investigated by Hendry  h 1)  
Fattal(12) and Yokel et al 
Y3)  
Yokel 
(14) carried out a series of tests on a number of masonry 
walls, using both brick and concrete masonry. 	They suggested that 
rational analysis can be used to determine a lower limit of the strength 
of masonry wall under eccentric vertical load. 	The range of 
eccentricities in their experimental programme carried from zero to the 
kern point. 	A small number of concrete masonry walls were tested by 
Drysdale et al
'15)   and they concluded that the present method of 
designing walls had a very high safety factor. 	According to the above 
study, formulation of more rational design procedure is required to 
permit advantage to be taken of the extra capacity which exists in many 
loading conditions. 
Yorkdale and Allen 
16)  carried out tests done at the Brick 
Institute of America on 12 brick walls tested with eccentricities 1/2 
and 5/12 of the wall thickness. 	They concluded that tensile stress at 
the top quarter point of both short and tall walls, loaded with an 
eccentricity of 5/12 of the thickness, t, were sufficiently large to 
indicate formation of cracks in the bed joints at relatively low loads. 
Walls tested with load eccentricity of t/2 and slenderness ratio of 10, 
developed tensile strain, indicating cracking at relatively low loads 
at the level of the top quarter point. 	For walls with larger slender- 
ness ratio, the cracks were formed at the top four courses. 
The principal research efforts related to wall design have been 
contributed by Sahlin beginning in 1959(17) 
	Sahlin's work included 
the development of a design procedure based on the continuity of the 
wall/floor joint which requires evaluating the moment-rotation 
behaviour of various joint details. 	In addition, a comprehensive 
series of tests on frame structures was performed and the variation 
of wall eccentricities obtained under increasing wall precompressions. 
In these tests, the ratio of wall precompression to floor load was held 
constant, whereas in practice, this ratio is different at various floor 
levels. 
Risager 
18)  analysed the statical behaviour and the bearing 
capacity of the simply supported, eccentrically loaded column of linear 
elastic material without tensile strength on the bases of an estimated 
deflection curve. 	In this work, the concept of an equivalent column 
was presented. 	The deflection, rotation and section of this equivalent 
column are identical to the original wall, and accordingly derived 
generalised expressions for eccentricity, angle of rotation of the wall 
ends, based on these relations, he derived equations for bearing 
capacity for uncracked and cracked cross-section and general expressions 
for wall buckling loads. 	However, in spite of the detail and 
importance of Risager's work, the equations developed are not practical 
for design purposes since the wall end rotation and/or the eccentricity 
has to be estimated based on very little information available. 
Colville 
(19)  developed equations for stress reduction factors 
and moment rotation relation based on the basic generalised 
expression of the equivalent column developed by Risager. 	These 
equations can be used for design, but require a tedious procedure to 
evaluate the stress reduction factors due to slenderness and eccentricity 
which determines the wall bearing capacity. 	Colville also presented a 
method to calculate the wall eccentricity by solving the appropriate 
quadratic/ 
7 
quadratic equations involved. 	To verify the proposed equations, tests 	(20) 
were. conducted on a full scale structure to determine the experimental 
eccentricities obtained for various floor loading and variable wall 
precompression. 
In spite of the importance of the theories developed (17,18,19), 
a major obstacle arises in the application of these theories for practical 
use due to the complex and tedious computations involved. Furthermore, 
some of the equations developed were not fully explored to provide 
complete understanding of their application and characteristics. 	This 
is because previous authors did not make use of an electronic computer 
to solve and evaluate various complex equations and expressions 
defining the behaviour of the wall end rotation corresponding to various 
eccentricities and slenderness ratios in order to determine the wall 
bearing capacity. 	As a result, it is felt that a comprehensive study 
of existing work, coupled with the application of electronic computers 
is needed and will result in the development of a theoretical approach 
that will provide a useful tool in the structural analysis of load-
bearing brick masonry walls compressed between floor slabs. 	Thus, the 
object of the theoretical part of this thesis, to study and apply 
existing theories and develop theoretical analysis for wall eccentricities 
and bearing capacities. 
Accordingly, equations for wall eccentricities, capacity 
reduction factors are developed and presented together with tables and 
graphs which would present the application of these theoretical solutions 
to the design of brick masonry walls in compression. 
In conjunction with the theoretical part of this work, 
experimental programmes were carried out to investigate the eccentricity 
of loading at wall/floor slab joints and to provide data for the 
verification of the theoretical solutions. 	Tests were conducted on a 
half scale, two storey single bay structure and on a full scale three 
storey/ 
storey two bay frame. 	Two ratios of slab/wall flexural rigidities 
were considered to provide a more thorough investigation of this 
important parameter. 
1.3 	OBJECT AND SCOPE: 
The basic objective of this study was: 
To examine and develop existing theories for wall bearing 
capacity. 
To apply electronic computers to the solution of equations 
relating to wall bearing capacities. 
To develop a simplified method for calculation of joint 
eccentricities. 
To set out a method for the design of masonry walls in 
compression taking into account the interaction between 
brick walls and reinforced concrete floor slabs. 
To examine the behaviour and strength of brick masonry walls 
under various floor loadings and wall precompreSsion. 
To observe the behaviour and measure the joint eccentricities 
corresponding to various floor loadingsand wall pre-
compression. 
To examine the influence of different floor/wall flexural 
rigidity ratio on the development of joint eccentricity. 
CHAPTER 2 - WALL BEARING CAPACITY (DOUBLE CURVATURE BENDING) 
2.1 	INTRODUCTION: 
Conventional methods for the estimation of the bearing 
capacity of masonry walls subjected to eccentric loading are based on a 
theoretical model of a hinged ended, brittle column. 	Real walls in 
multi-storey buildings are, however, compressed between reinforced 
concrete slabs through joints which are capable of transmitting bending 
moments. 	The transmitted moments on the one hand influence the 
deflected form of the wall and, on the other, control the end rotation 
of the wall. 	It follows, therefore, that a satisfactory method for the 
design of masonry walls in compression must allow for interactive 
effects between walls and floor slabs. 
Solutions have been produced by Sahlin 21)  Risager(18) and 31 
Colville(.19) 	The theory presented in this and the next chapter 
represents a development of these theories. 	As it will be seen, the 
theoretical results in compressive strength values are in reasonable 
agreement with experimental results. 
2.2 	WALL CURVATURE: 
The type of wall curvature is governed by the wall end 
eccentricities which in turn are related to the type and condition of 
floor loading. 	Thus, three types of wall bending are considered in 
this study, see Fig (2.1): 
Walls bent in double curvature with equal and opposite end 
eccentricities, as shown in Fig (2.1.a) 
Walls bent in single curvature with equal end eccentricities 
(Fig (2.1.b)) 
irs 
(3) 	Walls bent in single curvature with zero eccentricity at one 
end (Fig (2.1.c)). 
Double curvature bending is discussed in Chapter 2 and the 
single curvature bending in Chapter 3. 
It should be noted that in practice, there are other possible 
combinations of end eccentricities. 	However, since the above three 
conditions bracket all possible cases, it is felt that further 
refinements in the consideration of the ratio of end eccentricities 
are not justified and that it is reasonable in practical design to 
consider every wall as conforming to one or other of these three cases. 
2.3 	WALLS BENT IN DOUBLE CURVATURE ( E 1I2 = - 1.0) 
The basic assumption of the procedure for considering wall 
elements bent in double curvature is that the deflection curve can be 
composed of parabolic arcs. 	Coupled with this approximation is the 
introduction of an equivalent column which has a zero eccentricity of 
axial load at the ends and whose deflection between floors represents 
that of the actual column, or wall. 	This approach has been developed 
by Risager18)  for a wall having equal angles of rotation at both ends. 
The basic procedure has been generalized to consider walls with 
different end eccentricities. 	The tensile strength of the wall is 
considered to be zero, and it is also assumed that there is no 
sidesway between floor levels. 
2.3.1 	Deflected Shape of the Equivalent Column 
Figure (2.2a) represents a typical storey of a multi-storey 
frame structure, in which the walls are bent in double 
curvature. 	A free body diagram of the left wall showing 
the forces applied to the wall is given in Fig (2.2.b). 	In 
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simply supported equivalent column which has an identical 
deflection pattern as the actual wall between floor levels, 
is shown in Fig (2.2.c). 	As noted by both Risager(18)  and 
Chen 	the equivalent column which has the same cross- 
section and material properties as the actual wall is 
statically equivalent to the actual wall. 	By considering 
Fig (2.2.c) to which corresponds an equivalent column with 
length HS greater than H/2. 	From a statical point of view, 
wall b,and the part of the system c, lying between the dotted 
lines (representing floor levels) are completely uniform 
systems. 	It must, therefore, hold that P 	= P and e5 = e 
and the maximum eccentricity will occur at floor level. 	If 
the load ps is increased and the angle of rotation 0 at the 
ends at the same time is kept constant, the equivalent column 
tries to increase its deflection and thereby its angle of 
rotation 0 at the floor level. 	As the equivalent column at 
floor level is prevented from rotating, an external anti-
clockwise moment is created as a result of the reduction of 
the eccentricity e5 	Thus, provided that the equivalent 
column does not fail first, there will be a value of Ps  at which 
the eccentricity es = 0. 	The length of the equivalent column 
willthen be, H5 = H/2 and in such cases, the maximum eccentricity 
will be between the wall ends. 	Thus, for walls bent in double 
curvature, the length of the equivalent column will always be 
greater than or equal to half the length of the actual wall. 
Figure (2.3) shows a wall with full storey height, H, and 
thickness,t. 	The width of the wall is b. 	On the wall acts 
a load P, and the curves of the deflection for uncracked 






Fig. ( 2.2 ) 
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.a. 
Fig. ( 2.3 
section in (b). 	The corresponding equivalent column has the 
length H5. 	Assuming that the point of inflection of the wall 
is known or can be estimated, those portions of the equivalent 
column between the points of zero moment are assumed to have 
a parabolic deflection curve. 	Also implied in the following 
equations is the concept that the assumed point of inflection 
of the wall based on a consideration of the primary moment 
diagram does not move as a result of secondary deflections. 
That is, the point of inflection is fixed. 
In computing the wall bearing capacity, the principal problem 
to be solved is to locate the Section at which the eccentricity 
of the axial load, F', is maximum. 	As the slenderness ratio 
of the wall is increased, the likelihood that the section of 
maximum eccentricity lies away from the wall ends is also 
increased. 	However, as noted by Colville  19) if the maximum 
eccentricity lies at the ends of the actual wall (i.e. at floor 
levels), the wall slenderness does not affect the wall bearing 
capacity computed from the ultimate compressive strength. 
Of course, if the bearing strength is based on stability of 
the wall, then the variations in wall slenderness ratio will 
in all cases influence the wall load carrying capacity. 
Considering the portion of the equivalent column between points 
of zero moment (Fig (2.3)), and letting the maximum deflection of 
the column be iJo, the equations valid for a parabola with the 
deflection U, and the inclination du/dx may be expressed as (18) 
U = 4 u0 	x 	(I --i;-) ............... (2.1) 
In which H5 equals the length of that portion of the equivalent 
column being considered, and x is the distance from the end of 
the / 
15 
the equivalent column. 	From equation (2.1), the inclination 
du/dx is: 
du 	=4 Uo 	0  __a_) 	 (2.2)  x HS S 
At x = S/2, the eccentricity of the wall, e, and the rotation 
of the wall end relative to the compressive force line, w, 
may be obtained from equations(2.1) and (2.2) respectively as: 
e = 2 U0 	- (1- S/2H5) ................(2.3) HS  
= 4 U 0- S/H5 ) 	.....................(2.4) HS  
Introducing the following notations: 
C 	= 	e/t 	...............................(2.5) 
= 	(H/2)
(2.6) 
= 	(H/2) (2.7) 
In which H, represents the actual wall height, 	is the actual 
angle of rotation of the wall end (see Fig (2.3)), 
H3 = H/2 + S/2, the following general relations may be developed: 
4 U (1-S/H) 
- 	t 	(1+ S/H)z 	..................(2.8) 
413o 	S  
- 	t (1+ S/H)z 	..............(2.9) 
From Figure (2.3) it will be seen that the angle of rotation at 
the ends of the wall, , can be expressed as: 
= w + e/(H/2) (2.10) 
By multiplying both sides of eq. (2.10) by (H/2)/t, the 
following relation is obtained: 
	
= c + c 	............................... (2.11) 
Combining! 
EI1 
Combining eqs. (2.8, 2.9 and 2.11) gives: 
- 4 U 	 _ 
- 	t (1 + S/H)L 	................(2.12) 
Finally, from eqs. (2.9 and 2.12) we obtain: 
= 	.....................................(2.13) 
The above equations are valid for both uncracked and cracked stress 
conditions and will be used to compute wall bearing capacities. 
2.3.2 	Stress Failure Equations: 
2.3.2.1 tjncracked Wall: 
For a rectangular wall of width, b, and thickness, t, composed of 
a linearly elastic material, and loaded within the kern by an 
eccentric load, P, the maximum compressive stress is given by 
the following equation (21) 
P 	6ema  
ma:k=b (1 + 	) .....................(2.14) 
In fact, the stress-strain relationship for masonry is non- 
linear. 	However, in reference (3) it is noted that for 
eccentrically loaded walls, good agreement is obtained between 
tests and theory using a linear stress-strain curve if failure 
is assumed to occur when the maximum stress equals 1.5 times 
the compressive strength. 	Thus, it is assumed (19) herein, 
that stress failure will occur when the maximum compressive 
stress in the wall is 1.5 times the compressive wall strength, 
that is: 
umax = 1.5 	............................. 	(2.15) 
Where ab.r. is the prism maximum compressive strength. 
Substituting! 
17 





Where, F, is the compressive force in the wall, c:Ybr.b.t, is 
the compressive force of the same concentrically loaded wall, 
gives.: 
3 
2(1+6 emax ) 
t 
The term, , may be considered to be a stress reduction factor 
(or most commonly referred to as a capacity reduction factor) 
whose value depends on the maximum eccentricity of the load, 
e max. 	By definition, 	, is the ratio of the compressive 
(eccentric or concentric) force in the wall, to the compressive 
force of the same concentrically loaded wall, it follows,that, 
S must always be less than or equal to unity. Thus, eq. (2.17) 
is re-written: 
2(1 
+ o ernax 	- 	1.0 ...................(2.18) 
The magnitude of emax that to be used in eq. (2.18) depends 
on the slenderness of the wall. 	Thus, when the height of 
the equivalent column becomes equal to or greater than the 
actual wall height, i.e. S/2 > H/2, the maximum eccentricity 
will occur at the wall end (at floor level). 	Conversely, if 
the height of the equivalent column is less than the actual 
wall height, i.e. S/2 < H/2, then the maximum eccentricity will 
occur between the wall ends and emax = U is substituted in 
eq, (2.18). 	Considering the first case where S/2 > H/2, 
e max = e, we obtain from eq. (2.18): 
= 2 0+ 60 	
1.0 ......................(2.19) 
IN 
Equation (2.19) is based on a compressive stress failure 
occurring at a floor level. 	As indicated in reference (17), 
however, the stress condition at a wall/floor joint is much 
more complex than indicated by eq. (2.14). 	As a result, 
eq.. (2.19) is too conservative and it is assumed 	that 
compression failures cannot occur within a distance equal to 
1.5 times the wall thickness from the joint; thus, equation 
(2.19) is modified by the factor 'v , given as: 
(H/2) 
= 	(El2 - list)..... 
 .................... 	(2.20) 
Applying eq. (2.20) into eq. (2.19) we finally get: 
1.5 (H/2) 
= (H/2- 1.50(1 + 6 ) 	
1.0 ........(2.21) 
For the case where S/2 < H/2, as stated earlier, the maximum 
wall eccentricity will occur within the wall ends, substituting 
emax = tJo into equation (2.18) we obtain 
3 
= 2(1+ 6Uo) 
t 
1.0 .............(2.22) 
From equations (2.12 and 2.13): 
UO = 	(1 + E:/(D) 	
..................... 	(2.23) 
Substituting eq.. (2.23) into eq.. (2.22) gives: 
M. 
3 
20 + .3. ( + ID 
1.0 ....... (2.24) 
Thus, for uncracked walls bent in double curvature, eq. (2.21) 
may be used to compute the capacity, or stress reduction factor 
provided that the maximum eccentricity is at floor level 
(i.e. joint), and eq. (2.24) is used where the wall eccentricity 
lies at some point removed from that point. 
As mentioned in Section (2.3.1), in computing the wall bearing 
capacity, the main problem to be solved is to locate the section 
at which the eccentricity of the axial load is maximum, by 
deciding which of eqs. (2.21) or (2.24) is to be used. 
Based on information given in reference (3) to distinguish 
between short and slender walls, it is suggested that for walls 
bent in double curvature, a column or wall having a slenderness 
ratio H/t less than 10 be regarded as a short wall (or column) 
and hence, the maximum eccentricity will always occur at the 
floor level and relative joint eccentricity e is assumed to be 
greater than the wall end rotation function, . 	Conversely, 
if the slenderness ratio is equal to or greater than 10, the 
maximum eccentricity will occur between floor levels, hence 
the wall end rotation function 	is assumed to be greater than 
the wall eccentricity, E. 	H, is the actual full height of the 
wall or column, thus, based on this assumption, the capacity 
reduction factor, 	, is calculated from equation (2.21) 
provided that the wall slenderness is less than 10, and from 
equation (2.24) when the slenderness ratio is equal to or 
greater than 10. 
2.3.2.2 Cracked Wall: 
For a rectangular cross-section of a linear elastic material 
without tensile strength, the width of the compressed zone 
after tensile cracking occurs will be 3(t/2 - e), and the 
magnitude of the maximum compressive strength is:(21) 
max = 	(2.25)  
3b (t/2-. emax) 
20 
Once again, two cases must be considered depending on the 
location of the maximum eccentricity, emax. 	Considering 
firstly, walls with slenderness ratio less than 10, the 
maximum eccentricity is assumed to occur at the floor level, 
and by applying the assumption of failure at a distance of 
1.5 times the wall thickness away from the joint, the following 
eq. is derived from eqs. (2.15 and 2.16) after substituting 
into eq. (2.25). 
= 	(1 -2c)  (H/2-i.5t) 	
1.0 .............(2.26) 
Thus, eq.. (2.26) replaces eq. (2.21) when the wall is 
cracked and C >, 1/6. 
For slender walls, with slenderness ratio equal to or greater 
than 10, the maximum eccentricity is assumed to occur away 
from the wall ends, hence, from egs. (2.15, 2.16 and 2.23) 
the following equation is obtained by substituting the above 
equations into eq. (2.25): 
= 	(1 - 	) 	1.0 ............(2.27) 
2 
Eq. (2.27) replaces eq. (2.24) when the wall is cracked. 
The crack criterion is set at 	1/6, thus, applying this 
limit to eq. (2.17) yields to cracking of the wall occurring 
at a value of 	= 0.75. 
2.3.3 	Moment-Rotation Equations: 
In order to assist in determining the moment distribution in 
load bearing masonry construction, it is necessary to develop 
relationships between end moments and wall rotations. 	These 
relations are required for both uncracked and cracked walls. 
21 
2.3.3.1 	Uncracked Wall: 
For a simply supported wall, the load required to maintain 
equilibrium of the equivalent column being considered is 
=
7T 2 EI 
...................................(2.28) 
Equation (2.28) represents Eular buckling load for a simply 
supported pinned column having zero eccentricity of loading 
at both ends.ietting (19) 
= PH2
(2.29) 
And K = 	b.r10t 	H2/EI .......................(2.30) 
For walls bent in double curvature, where H, is taken as half 
the wall height. 	Also from reference (3), assuming 
abr= E/666, it follows that, K = (H/t) 2 /222.0, and equations 
(2.29) and (2.30) becomes respectively: 
= PH 2/4E1 ................................(2.31) 
And: K = cYbr.b.t. H 2/4E1 ....................(2.32) 
Dividing equation (2.31) by equation (2.32) gives: 
P 	..........................(2.33) 
K - 
It follows that from eq. (2.16) 
= 	/K . ..................................(2.34) 
From eqs. (2.28 and 2.31) by equating the flexural rigidity El 
of the actual wall to that of the equivalent column since as 
assumed they have the same cross-section and material properties 
and by noting that the length of the equivalent column, 
HS = H/2 + S/2, we obtain: 
22 
= 	(1 + S/H)2 	
(2.35) 
Substituting eq. (2.13) into eq. (2.35) gives (19): 
= 	.2 ,2 (2.36) 
( )2 
Equation (2.36) gives a relationship between load, end 
eccentricity, and wall end rotation which is valid 
irrespective of the location of the maximum eccentricity, 
thus, it is independent of the wall slenderness and will be 
used for short and slender walls. 
In the case of a concentrically loaded wall, with relative 
eccentricity,E , equal to zero, substituting E = 0 into 
eq. (2.36) yields: 
= .....................................(2.37) 
Thus, there is an upper limit for 9 , and eq. (2.36) is re-
written as: 
2 ,2 'IT '' 	< .....................(2.38) 
( + 
Equation (2.38) is presented graphically in Figure (2.4) relating 
end moment and end rotation for uncracked walls in double 
curvature. 	Due to the fact that tedious calculations are 
involved in computing the value of . corresponding to various 
values of wall eccentricity and end rotation, it was possible 
with the aid of computer programmes written in FORTRAN and run 
on the IBM 360/370 computer system to compile comprehensive 
data for the moment rotation equations for both uncracked and 
cracked walls in double and single curvature. 	These results 
are not included herein, instead, the computer programme for each 
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2.3.3.2 	Cracked Wall: 
As shown earlier, the width of the compressed zone after tensile 
cracking is 3(t/2-e). 	The magnitude of the maximum compressive 
stress is re-written: 
max = 3b (t/2- emax) 
The curvature, c, of this section is equal to the edge strain 




	(t/2- emax)........................  
(2.39 
where 	is the maximum edge strain. 
The maximum compressive stress, amax = E , then eq. (2.39) 
becomes: 
CY max 
c= 3E(t/2- emax) .........................(2.40) 
substituting eq. (2.25) into eq. (2.40), we finally obtain: 
2P 	2 
= 	b (t/2 - e max) .....................2.41 
The curvature of the same section due to bending is given by 
(22): 
(2.42) 
The bending moment, M, is equal to the moment induced by the 
load maintaining equilibrium multiplied by the maximum wall 
deflection, Uo. 	By applying eq. (2.28), equation (2.42) 
finally becomes: 
25 
2 	ho C = 
 
IT . 	(2.43) 
Since the curvature of this section due to the applied 
compressive force is equal to that due to bending, equating 
eqs. (2.41) and(2.43) yields: 
¶2Uo 	 2P 
2 	- 9Eb (t12 - e)z 	.............(2.44) 
H 5 
By considering firstly, short walls, the maximum eccentricity, 
e max, is assumed to occur at the wall/floor joint and 
emax = e. 	By applying eqs. (2.23 and 2.31) into eq. (2.44) 
and re-arranging, the following equation is obtained: 
= 27 1T2 	2 )2 ... 	(2.45) 
8 
For slender walls, the maximum eccentricity will occur away from 
the wall ends and emax = ho. 	Once again, by applying 
eqs. (2.23 and 2.31) into eq. (2.44) and re-arranging, the 
following is obtained: 
= 27i. 	(1 - 
	
)2 (2.46) 
Thus, eq. (2.45) is valid to compute the moment-rotation for 
short cracked walls in double curvature and eq. (2.46) for 
slender walls. 
Equations (2.45) and (2.46) are presented in Figure (2.5) for 
cracked walls bent in double curvature by the use of a computer 
programme developed for cracked walls in double curvature, the 
value of Z, corresponding to the corresponding values of E and 
is calculated from the appropriate equation depending on the 
wall slenderness ratio, i.e. as previously assumed in Section 2.3.2.1, 
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for short walls, c > 	, and equation (2.45) is used. 	For 
slender walls, 	> 6 , and equation (2.46) is used to compute 71 . 
2.3.4 Wall Buckling Loads: 
Wall buckling loads may be computed from the moment-rotation 
equation by determining, for various eccentricity values, 
the corresponding maximum value of 9 . 	Thus, 9 max is 
equivalent to the wall buckling load. 	Assuming that cracking 
of the wall occurs prior to buckling (19),values of 	max may 
be obtained from eq. (2.46) by letting 	= zero, and 
computing the value of the ultimate end rotation prior to 
buckling, b' corresponding to 9 max• 	Thus, from eq. (2.46) 







By substituting the value of b from eq. (2.47) into eq. (2.38) 
the wall buckling load, 9 max , can be computed for uncracked 
walls in double curvature, short or slender. 	For cracked 
walls, the wall buckling load is calculated from eq. (2.45) for 
short walls and e.q. (2.46) for slender ones. 	Buckling loads 
have been computed using eqs. (2.38, 2.45 and 2.46) with the use 
of computer programme developed for this case. 	The results are 
presented in Appendix (c) together with the programme. 	A plot 
of the wall buckling loads is presented in Fig. (2.6). 	The 
discontinuity in the curve corresponds to the transition from 
the uncracked to cracked wall. 
The ultimate wall end rotation corresponding to buck1ing,CP 
is plotted in Fig. (2.7) as a function of the wall buckling load 
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will be used in determining the Parameter R,which is a factor 
depending on the wall eccentricity, wall slenderness, and type 
of wall curvature as will be presented in Chapter (4) in dealing 
with joint eccentricities. 
2.3.5 Wall Bearing Capacity: 
Stress failure of the wall is assumed to occur when the end 
rotation of the wall is less than the rotation corresponding 
to buckling failure,.. 	For values in excess ofb , buckling 
failure is assumed to govern. 	In evaluating the stress failure 
loads, it is necessary to determine the wall end rotation, 
This is accomplished by equating the stress failure equations 
with the corresponding moment-rotation equation, thus by 
definition, from equation (2.34): 
.K = 	.....................................(2.48) 
2.3.5.1 	Tjncracked Wall: 
For an uncracked wall in double curvature, two conditions must 
be considered, firstly, for short walls withE > 0, and 
secondly, for slender walls with 	> c. 	For the first case, 
substituting eqs. (2.21 and 2.38) into eq. (2.48) yields: 
0.75 H * K 	 IT 2 
	2 
(o.SH - 1.5t)(1 + 6) 	( 	+ 	)2 ............(2.49) 
The solution of this quadratic equation is: 




where: A = 	(H/2t). K + 	Tr 2 + 9 	... 2ET2(H/2t) - 6 2 	(H/2t) 
3 = 3 (H/2t). E  .K 
C = . K E2  (H/2t) 
For the case of slender walls, > C, the appropriate equations 




2(l + ( + )2) 
24) 
The solution of the above cubic equation was carried out 
using a computer programme to calculate the wall end rotation 
for a wide range of end eccentricities and slenderness ratios. 
These were used in turn to calculate the capacity reduction 
factors as will be presented later. 
Since K, H, t are known., eqs. (2.49) and/or (2.51) may be used 
to calculate the appropriate value corresponding to any value of 
end eccentricity, . 	Once the value of 	is known, the failure 
load may be computed by determining the capacity reduction 
factor using either eq. (2.21) or eq. (2.24) provided that 	is 
less than 	b• 	If the calculated ID is equal or greater than 
i,, then the appropriate equation to be used is eq. (2.38) and 
is substituted for 	. 	Solving eq. (2.38) yields the wall 
buckling load,Zr max, whence the capacity reduction factor can 
be calculated, i.e. 
32 
2.3.5.2 	Cracked Wall: 
For cracked wall in double curvature, once again two conditions 
must be considered. 	For short walls, substituting eqs. (2.26 
and 2.45) into eq. (2.48) yields: 




(O .5H - I.5t) 	8 
Solving eq. (2.52) for the wall end rotation, : 
= 	K(H/2) 	.........................(2.53) 
- 2c)(H/2 - 1.5t) 
For slender walls, substituting eq. (2.27) and eq. (2.46) into 
eq. (2.48) yields 
2 
_211 (2.54) 
- 	2 	 8 	 2 
The solution of the quadratic equation (2.54) is of the form: 
- -B 1 /B 2 - 4AC 
2A 
where: A = 27 2/16 
27 Tf 2 
B = 
	8 	
(E - 1) 
And 	C = 27 
¶22 9 
16  
Once again, since K, H, t are known, eqs. (2.53) and (2.54) may 
be used to calculate the appropriate 	corresponding to any value 
of end eccentricity, . 	Finally, the failure load is computed 
by calculating the capacity reduction factorB. 	from eqs. (2.26) 
or (2.27) depending on the wall slenderness provided that the 
computed wall end rotation, 	, is less than the buckling wall 
end rotation b• 	If the calculated 0 is equal to or greater 
than Ob, then, the appropriate wall buckling equation to be 
33 
used in eq. (2.45) for short walls or eq (2.46) for slender 
walls after substituting the value ofb for 	in these 
equations. 	Thus, the capacity reduction factor is computed as:- 
As may be expected, calculation of the capacity reduction 
factors is complex and tedious but has been carried out by 
developing special computer programmes. 	For uncracked slender 
walls in double curvature, the solution of the cubic equation 
required the presentation of a special programme to compute the 
wall end rotation 	• 	The computed real values of 	(imaginary 
values ignored) were fed as input data in a second programme where 
the walls considered were in the uncracked mode. 	The value of 
used in this programme were either read from the input data 
(if the walls are slender) or calculated within the same 
programme for short walls, following the procedure outlined above, 
the capacity reduction factors were computed and printed. 	In 
the case of cracked walls, another programme was employed to 
solve the quadratic equation involved and compute the capacity 
reduction factors in the same manner as outlined earlier. 	These 
results, together with the programmes are presented in 
Appendix (c). 	It should be pointed out that, the capacity 
reduction factors are titled as 'stress reduction factors (V) 
as this term was originally defined at time of preparing these 
programmes. 
As may be seen from these results, the eccentricities considered 
ranged from zero up to 0.5 for slenderness ratios ranging from 
5 up to 80. 	Those reduction factors most likely to be 
	
applicable in practical designs,are shown in Figure (2.8). 	The 
34 
discontinuities in the curves correspond to the transition from 
the uncracked to cracked wall and/or the solution of different 
equations governing the behaviour of the wall at various stages. 
Interaction between wall and floor slabs is taken into account 
through the eccentricity ratio as will be shown in Chapter (4). 
In determining the capacity reduction factors from either the 
given tables 	or Fig (2.8), the slenderness ratio (H/t) is 
equal to the actual wall height divided by the actual wall 
thickness, as in computing the capacity reduction factors from 
the appropriate equations the wall height is halved in these 
equations; thus, the output print out represents the actual wall 
slenderness ratio. 
In order to check the validity of the stress failure equations 
and the buckling load equationsdeveloped earlier, theoretical 
prediction of wall bearing capacities are compared with test 
results conducted by the Brick Institute of America 3 	The 
capacity reduction factors obtained by tests represent the ratio 
of the compressive eccentric load in a wall to the concentric 
axial load for the same type of wall. 	It is assumed that stress 
failure of the wall is to occur when the end rotation of the 
wall is less than the rotation corresponding to buckling failure, 
b• 	For values greater or equal to b,  buckling failure is 
assumed to govern. 
Thus, for walls bent in double curvature with equal but opposite 
end eccentricity, the experimental and theoretical results are 
given in Table (2.1) and are also shown in Fig (2.9) in order to 
facilitate the comparison. 	Within the limits of experimental 
accuracy to be expected in this type of testing, agreement between 
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36 
theory and experiment may be regarded as satisfactory, especially 
as the theoretical 	would be very difficult to achieve at 
these very high slenderness ratios on account of experimental 
difficulties. 
If the maximum value of slenderness ratio experienced in practice 
is taken as around 25, then the maximum differences between test 
and theory occur with c = 1/6, where the theoretical capacity 
reduction factor, , is around 26% greater than the corresponding 
test values. 	For eccentricity value, E = 1/3, this difference 
is around 13%. 	Thus, in summary, the capacity reduction 
factors equations presented may be considered adequate for 
determining the moment-rotation relations as well as wall bearing 
capacities. 
Table (2.1) - Capacity Reduction Factors - Walls bent in 
double curvature 
H/t Test BTheory % Diff. 
6.6 1/6 0.79 1.00 26.5 
22.7 0.70 0.86 22.8 
46.1 0.31 0.55 77.4 
51.4 0.1.5 0.44 193.0 
6.6 1/3 0.71 0.69 2.9 
205 U  047 044 68 
205 it 047 044 68 
205 U  047 044 68 
205 11 050 044 136 
227 IT 047 043 93 
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CHAPTER 3 - WALL BEARING CAPACITY (SINGLE CURVATURE BENDING) 
3.1 	INTRODUCTION: 
The Bearing Capacity of walls bent in single curvature may be 
divided into two curvature bending categories; firstly, walls bent in 
single curvature with equal end eccentricities, as shown in Figure (2.1.b) 
in Chapter (2) where, basically, the maximum compressive stress in the 
wall occurs at mid-height, hence it is only necessary to consider the 
condition of uncracked or cracked walls, since the maximum eccentricity 
will always occur at mid-height of the wall and, therefore, no differentia- 
tion is necessary between short or slender walls. 	The second type of 
single curvature bending. is where the eccentricity of loading at one 
end equals zero, in this case, the wall curvature is exactly like that of 
walls bent in double curvature, with the exception that the full height of 
the wall must be considered as a portion of the equivalent column. Thus, 
all stress failure equations andtnoment rotation equatiordeve1oped for 
walls in double curvature are valid provided that the full height of the 
wall is considered in these equations as will be dealt with in this 
chapter. 
3.2 	WALLS BENT IN SINGLE CURVATURE WITH EQUAL END ECCENTRICITIES 
/E2 =+1.0) 
Figure (3.1.a) represents a part of a continuous multi-storey 
building where the inner walls may be considered bent in single curvature 
with equal end eccentricities. 	This type of curvature may be encountered 
in those cases where one span is assumed to be loaded by live loads on 
successive floors, and the other spans unloaded and/or, one span has a 
considerable span difference compared with adjoining spans (usually this 
difference would be greater than 20%). 	In such cases and where the 
structure configuration being analysed dictates such a curvature bending, 
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the wall should be analysed as a wall bending in single curvature 
between floor levels with equal end eccentricities as shown in 
Figure (3.1.b). 	This condition of bending is the most severe case of 
all types of wall bending considered- where the maximum central 
deflection and wall eccentricity are encountered. 	In practice, however, 
it is not generally critical due to the fact that such walls develop small 
bending moments due to the relatively small eccentricities developed as a 
result of non-uniform floor loadings and/or span differences. 
Figure (3.2) shows a wall with storey height H, width b, and 
thickness t, the deflection curves for uncracked and cracked cross-
sections are shown in (a) and (b) respectively. 
The structural solution proposed is based on the assumption of 
linear elastic material having no tensile strength. 	It is also assumed 
that the deflected form of the wall between floor slabs may be represented 
by parabolic arcs and that there is no sidesway between floor levels since 
the horizontal thrust generated due to floor loading may be assumed to be 
counter-balanced by the reinforced concrete floor slabs. 	Based on these 
assumptions, the deflected shape of a wall bent in single curvature having 
equal end eccentricities may be approximated by a parabola having the 
equation of the form identical to equation (2.1) except that the height 
of the equivalent column H3, being replaced by the actual wall height, 
whence, 
U= A U0 	. (1 - X/H) ...........................(3.1) 
And the wall inclination, w , is: 
W = 	= 	0 - 2X/H) ....................... 	(3.2) 
At the joint, X = 0, and the angle of rotation of the wall end 0, is: 
0 = w=o 
40 
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hence: 
= 	2. 	 . . 	 . 	(3.3) 
Letting: 
= 	e/t 	..................................... 	(3.4) 
= 	(H/t) 	............................. 	(3.5) 
Multiplying equation (3.3) by (H/t) gives: 
= 	4'Uo/t 	...... .............. . 	(3.6) 
3.3 	STRESS FAILURE EQUATIONS 
3.3.1 	Uncracked Wall: 
For a rectangular wall of width b, and thickness t, composed of 
linearly elastic material and loaded within the kern by an 
eccentric load P, the maximum compressive stress in the wall 
occurs at mid-height, where the load eccentricity equals 
(e + Uo), where e, is the end eccentricity of the compressive 
force P, thus, the maximum compressive stress in the cross-
section may be written as (19) 
U max =J0 + 	(e + U0)) ................(3.7) 
Assuming failure of the cross-section will occur when the 
maximum wall stress is equal to 1.5 times the wall compressive 
strength, hence, 
amax= 	1.5 	br 	........................(3.8) 






Substituting equations (3.7 and 3.8) into equation (3.9) and 
noting that from equation (3.6) 	= 4U0/t, hence equation (3.9) 
becomes: 
= 20 +6 + 3) ........................ (3.10) 
Since, by definition, the capacity reduction factor is always 
less than or equal to unity, equation (3.10) is re-written as: 
= 	 32(1 + 6 	+) 	
. 	1.0 . ................(3.11) 
Thus, equation (3.11) is used to compute the capacity reduction 
factors for uncracked walls bent in single curvature having 
equal end eccentricities irrespective of their slenderness 
ratios (H/t). 
The cracking criterion is set at E A 1/6, hence, from equation 
(3.11) with= 4 U0/t, at the wall floor joint, x = 0 and 
U0 = 0, it follows that cracking of the wall occurs at a value 
of 5 = 0.75. 
3.3.2 	Cracked Wall: 
In a rectangular section of a linear elastic material with no 
tensile strength, the width of the compressed zone after tensile 
cracking occurs is 3(t/2 - e). 	The magnitude of the maximum 
compressive stress is (17) 
2P 
CT 
rnax = 3b (t/2 - emax) 	.....................(3.12) 
Since the maximum compressive stress in the wall occurs at mid-
height, the maximum eccentricity e max, equals (e + U0), hence: 
max = 3b(t/2 -e - U0 ) 	......
(3.13) 
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Substituting equations (3.6, 3.8 and 3.11) into equation (3.13) 
and re-arranging gives: 
= 	(1 - 2 - 	/2) < 	1.0 	..... (3.14) 
Equation (3.14) is used to compute the capacity reduction 
factors for cracked walls bent in single curvature having equal 
end eccentricities irrespective of their slenderness ratios. 
Because of the location of the section of maximum stress is 
known to be at mid-height of the wall, only one equation is 
required to define the capacity reduction factor for each of 
the uncracked or cracked mode when walls in single curvature 
with equal end eccentricities are considered. 
3.4 	MOMENT-ROTATION EQUATIONS: 
Once again, in order to determine the moment distribution in 
load-bearing masonry, it is necessary to develop relationships between 
wall end moments and end rotations for uncracked and cracked cross-sections. 
The load required to maintain equilibrium of a pin ended wall or column 
is given as: 
= .2 El/H 2 (3.15) 
Where E, is the modulas of elasticity and, I. the second moment of area 
of the brick wall being considered. 
Re-introducing the terms: 
= 	PH2 /EI ......................... (3.16) 
And 	K = 0b.r.bt H2/EI 	..........................(3.17) 
As mentioned earlier, from Reference (3), assuming 0'r = E/666, the value 
of K becomes: 
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K = (H/t)2 	 . (3.18) 
Dividing equation (3.16) by (3.17) yields: 
= g 	= 	. (3.19) 
0 br. t 
3.4.1 Uncracked Wall 
For an uncracked wall in single curvature, where the compressive 
force lies within the kern at the wall end, the curvature of 
the wall end is given by (17): 
- P.Uo  
And the curvature of the wall end due to bending is: 
C= M 	... ...................................(3.21) 
EI 
Since the maximum moment occurs at mid-height of the wall where 
this bnding moment is equal to the moment induced by the 
compressive force maintaining equilibrium of the wall multiplied 
by the maximum central wall deflection, which, at wall mid-
height equals the sum of the end eccentricity and wall 
deflection induced by the force P, thus, equation (3.21) is 
re-written: 
= P (e+ tJo) . 	(3.22) 
EI 
Equation (3.20) may be re-written after substituting equation 
(3.15) as: 
2 
C = 	. 	tro 	.............................(3.23) 
H 2 
Equating equations(3.22) and (3.23) yields: 
Uo 	- 	P (e + Uo) 
H2 - El 
From which: 
IT 2,D 
 = ...............................(3.24) 
(4+ cp) 
can be obtained. 
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Thus, an upper limit exists for equation (3.24), whence it 




Equation (3.26) relates the wall load, end eccentricity and 
end rotation which is valid prior to cracking of the wall. 
3.4.2 	Cracked Wall: 
For cracked walls in single curvature, the curvature of the 
cross section is equal to the edge strain divided by the 
compressed length of the cross-section (17) so that: 
C = 
3(t/2 	 (3.27) - emax) 
As the maximum compressive stress in the wall occurs at mid- 
height, hence, 	ex 	e + Uo, and equation (3.27) is re- 
written: 
C 	
= 3(t/2 _e - U 	 (3.28) 0) .................  
Substituting equation (3.13) into equation (3.28) gives: 
2P 
C = 9Eb (t/2 - e - T,Ij (3.29) 
The curvature of the wall end is also defined by equation (3.20) 





is also valid. 	By applying equation (3.15) into equation 





Equating equation(3.29) and (3.31) gives: 
ii2LJ0 	- 	 2P 	
(3.32) 
H2 	- 9Eb(t/2 - e - U0 ) 2 
Using equations (3.6, 3.16 and 3.32) we obtain after re-arranging: 
z = 272 	
(I -2c-/2)2 ..............(3.33) 
Thus, equation (3.33) gives the relationship between the wall 
load P, end eccentricity e , and wall end rotation 0 which is 
valid after wall cracking occurs. 
The moment rotation equations (3.26) and (3.33) were programmed 
on an IBM 360/370 series electronic computer to obtain all the 
parameters involved for various combinations of wall eccentricities 
and wall end rotations. Part of the results obtained are 
presented in Figures (3.3) and (3.4) for uncracked and cracked 
walls respectively. 	The computer programmeis presented in 
Appendix (C). 
3.5 	WALL BUCKLING LOADS: 
Wall buckling loads may be computed from the moment rotation 
equations (3.26 and 3.33) for uncracked and cracked walls respectively 
by determining a max for various eccentricity values. 	Since equation 
(3.26) was derived on the basis that the curvature of the wall end is 
defined by equation (3.20) which is valid for the case where the com-
pressive force lies within the kern at the end of the wall but outside 
the kern in some parts of the wall (17). 	Thus it is assumed that 
cracking occurs prior to wall buckling and equation (3.33) is used 
throughout. 	By setting 	= zero and solving equation (3.33) 
the wall end rotation corresponding to wall buckling, b  is found 




= 	K1 - 2 c ) ........................... 	(3.34) 
Substituting equation (3.34) into equation (3.33) gives: 
max 	=if 2 
	0 - 2 E) 	................... 	(3.35) 
Buckling loads have been computed using equation (3.35) for 
various values of end eccentricities, 6 , and the results are given in 
Appendix (C). Aplotof equation (3.35) is shown in Figure (3.5). 
The ultimate wall end rotation, b  is presented graphically in 
Figure (3.6). 	This relationship will be used in Chapter (4) to 
evaluate the Parameter R, which is a factor depending on the type of 
wall curvature, wall eccentricity and slenderness. 
3.6 	WALL BEARING CAPACITY: 
In evaluating the capacity reduction factors, the stress failure 
of the wall is assumed to occur when the end rotation of the wall is 
less than the rotation corresponding to buckling failure, b• 	For 
values equal or greater than b 	buckling failure is assumed to 
govern. 	In computing the stress failure loads, it is necessary 
to determine the wall end rotation, 	. 	This is accomplished by 
equating the stress failure equation with the corresponding moment-
rotation equation, hence, the interactive relation between walls and 
floor slabs is taken into account. 	Thus, from equation (3.19): 
.K 	= Z 	...................................(3.36) 
Equation (3.36) is used by substituting the appropriate 
expression for 	and 9 to compute the wall end rotation 
3.6.1 	TJncracked Wall: 
For an uncracked wall in single curvature with equal end 
eccentricities, substituting the expression of 	and 	from 
equations (3.11 and 3.26) into equation (3.36) gives: 
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= 	 . 	(337) 
2(1+6E+ 3 ) 	(4+ ID ) 
The solution of this quadratic equation is of the form: 
- -B tvB2 -4AC 




B = 12 
72
C+  27r  - 3K 
C = -12 K. 
Since K, H and t are known, for any given eccentricity 69 
equation (3.38) gives the wall end rotation 	. 	Once the 
value of 	is known, the capacity reduction factor 	, and hence 
the wall bearing capacity may be computed using equation (3.11) 
for uncracked cross-section provided that the calculated wall 
end rotation 	is less than the ultimate wall end rotation 
corresponding to buckling, 	, as defined in equation (3.34). 
If the calculated 	is equal to or greater than 	, then,b. 
is substituted for 	in equation (3.26) to compute 77maxi 
whence, the capacity reduction factor is calculated from 
equation (3.36), i.e. 
= /K. 
3.6.2 	Cracked Wall: 
For cracked walls bent in single curvature, substituting the 
expressions of 	and 9 from equation (3.14) and(3.33) into 
equation (3.36) gives: 
(1-2c- /2)=27 	
2 
c(1 - 2c - 	/2) ... (3.39) 
8 
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Equation (3.39) has the form of solution identical to 
equation (3.38) and the values of A, 3 and C are given: 
A = 27 J12 /16 
B= 27 2 27ir2 
C = 
Again, since K, H and t are known, by following the same 
procedure outlined earlier and by using the appropriate 
equations for cracked walls in single curvature with equal end 
eccentricities, the capacity reduction factors and wall bearing 
capacities may be determined for various values of end 
eccentricities. 
As may be noticed, the procedure of computing the capacity 
reduction factors is much simpler for the case of walls bent in 
single curvature and having equal end eccentricities than that 
for walls bent in double curvature. 	In spite of this simple 
procedure, computing the capacity reduction factors for various 
end eccentricities and wall slenderness ratios can be quite 
tedious. 	To avoid this, a computer programme was developed 
to calculate the capacity reduction factors for this case for 
both uncracked and cracked cross-section and the results are 
presented with the programme in Appendix (C). 
As can be seen from these results, eccentricities considered 
ranged from zero up to 0.5, and the corresponding wall slender- 
ness ratios ranged from 5 up to 80. 	Although in practice it is 
unlikely that wall slenderness ratios exceed 25, nonetheless 
these tables would provide useful information on the capacity 
reduction factors for high wall slenderness ratios. 	Part of 
these results are presented in Figure (3.7) to allow easy usage 
of these capacity reduction factors most likely to be used in 
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practical designs. 	It should be pointed out that these curves 
are smoother than those presented for walls in double curvature, 
since only one equation is used to define the wall behaviour 
in each of the uncracked and cracked conditions. 
3.7 WALLS BENT IN SINGLE CURVATURE WITH ZERO ECCENTRICITY AT ONE 
. EN-D(El  /2 = 0.0) 
Figure (3.8) represents a part of a multi-storey building where 
the walls are bent in single curvature with zero eccentricity at one 
end. 	This type of wall curvature is encountered in ground floor walls 
where all the top floors are bent in double curvature, and in internal 
walls of continuous multi-storey buildings where all floors above the 
level under consideration are assumed loaded and the floor at this 
level loaded to one side of the wall only. 	Fig (b) represents the 
left wall, which is subjected to the forces from the floor slabs 
equivalent to a compressive force P, with end eccentricity a, the 
weight of the wall is neglected and it is assumed that the horizontal 
components of the force P are exerted by the floor slabs. 	Fig (c) 
represents the equivalent column with the length H, where the full 
wall height is a part of the equivalent column length. 	The procedure 
of deriving the relation equations is exactly the same as for walls in 
double curvature discussed in Chapter (2), except that the height of 
the equivalent column, H5, equals to: 
H5 = H + S/2, hence the following relations are derived. 
The deflected shape of the equivalent column may be approximated by 
a parabola having the equation: 
U = 4U0 	2E 	(1 -i.) ............................ 	(3.40) HS 
At the wall/floor joint, the eccentricity is e and the inclination 
du 







e = 	s (1 	) 	 (341) 
2H5 	 S 
w = 4H O 	(1 - S/Hs) 	.........................(3.42) 
Reintroducing: 
= e/t ........................ (3.43) 
= CL) 	.................................... (3.44) 
= 0 H/t ....................................(3.45) 
The following relations are derived: 
- 
- 4Uo 	(1 - S/2H) 	 (3-46) 
t(1 + S/2H)2 
2Uo 	S  c 	
t H 	(1 + S/2H)2 	..................(3.47) 
4Uo 
= t(1 + S/2H)z...............................(3.48) 
= 	..................................... 	(3.49) H 
3.8 	STRESS FAILURE EQUATION: 
The stress failure equations are derived exactly in the same 
manner as those for walls bent in double curvature by using the above 
relations (eqs. 3.43 through eq. 3.49) and by noting that the full 
height of the wall, H, is part of the equivalent column, thus the 
stress failure equations are summarized for brevity: 
3.8.1. Uncracked Wall: 
For short walls, with slenderness ratios less than 10: 
= (H - 1.5 t)(1 + 66) 
And for slender walls: 
= 
	
20 + 3 ( + C) Z) 	
1.0 ............3.51) 
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3.8.2 Cracked Wall: 
For cracked walls bent in single curvature with zero eccentricity 
at one end, the following equations are derived: 
For short walls: 
= .(1 - 2) 	
(H -l.5t) 	
1.0 ............(3.52) 
And for slender walls: 
= (1 . 	) 	1.0 ....................(3.53) 
As can be seen from the stress failure equations above, equations 
(3.51) and (3.53) are identical to equations (2.24 and 2.27) for 
walls bent in double curvature, smaller values of capacity reduction 
factors are calculated for walls bent in single curvature with zero 
eccentricity at one end from the application of the value of K, 
which is for this case given as: 
K = 	(H/t )2 /55.5 	............................ (3.54) 
Thus, the value of K, is four times greater than that for walls 
bent in double curvature, hence, as will be shown later, for a 
given (H/t) and eccentricity value, the wall end rotation 0, is 
greater for walls bent in single curvature with zero eccentricity 
at one end than those for double curvature corresponding to the 
same values of H/t and wall eccentricity, c 
As assumed in Chapter (2), the limit distinguishing short walls 
from slender ones is set at 10 for both single and double curvature. 
Buckling failure is more pronounced for walls in single curvature 
with zero end eccentricity than for the same wall configuration 
bent in double curvature. Thus by halving the slenderness ratios for walls 
in double curvature in the capacity reduction factor equations 
59. 
and using the full wall height slenderness in the case of 
single curvature, eventually wall buckling will occur in the 
latter case (i.e. single curvature) prior to that of the first 
case, (i.e. double curvature). 
Equations (3.50) and (3.52) are identical to equations (2.21 and 
2.26) for walls in double curvature except that they have been 
modified by assuming that compression failure of the wall cannot 
occur within a distance equal to 1.5 times the wall thickness 
away from the joint, hence, equations (3.50) and (3.52) are 
modified by the factor H/(H - 1.5t), i.e. by using the full wall 
height. 
3.9 MOMENT-ROTATION EQUATIONS: 
The moment rotation equations for walls bent in single curvature 
with zero eccentricity at one end are identical to those for walls in 
double curvature, except that, 9 in this case is defined for walls in 
single curvature from equation (3.16) re-written: 
= PH2 
. ................................ (3.16) EI 
Equation (3.16) implies that, for a given wall height and thickness, 
t, the compression force in the wall required to maintain equilibrium of 
the equivalent column, P, is four times greater for walls in double 
curvature than that for walls bent in single curvature with zero 
eccentricity at one end. It follows that by plotting 77 as defined by 
equation (3.16) versus the wall end eccentricity E, the moment rotation 
relations are identical for both cases, similarly, for the plot of the 
ultimate wall end rotation, t b'  versus the wall end eccentricity. 
3.9.1 Uncracked wall: 
For short or slender walls bent in single curvature with zero 
eccentricity at one end, the moment-rotation equation for 
uncracked walls is re-written: 
,.2 	2 	
2 
= ( + )2 TT 
Equation (3.55) is presented graphically in Fig (3.9). 
3.9.2 	Cracked Wall: 
For cracked walls bent in single curvature with zero eccentricity 
at one end, two cases must be considered; firstly, for short 
walls with slenderness ratios less than 10, and for slender 
walls with greater slenderness ratios, hence, for the first 
case with E > 
27 7T2 	(1 - 2 
)2
(356) 
And for the second case: 
= 	27 ¶2 	
(1 - 	
+ E )2 )2 ..............(3.57) 
8 2 
Equations (3.56) and(3.57) are presented graphically in Fig (3.10). 
The dotted lines represent those values of 9 corresponding to the 
buckling mode (i.e. 	> 
3.10 WALL BUCKLING LOADS: 
Wall buckling loads can be obtained by setting 	= zero and 
computing the wall end rotation corresponding to buckling b  from 
eq. (3.57), whence: 
(1_c) + _V4E2  -2c+1 
= 	 3 	 (3.58) 
By substituting the value of Ob from equation (3.58) for 
various eccentricity values into the moment rotation equations(3.55, 
3.56 and 3.57) (cracked and uncracked, depending on the value of ) the 
wall buckling loads can be computed. Wall buckling loads have been 
computed for several values of end eccentricity,c, and a plot of the 
results is given in Figure (3.11). 	A plot of the ultimate wall end 
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comparison of the wall buckling loads for both cases of walls bent 
in single curvature is shown in Fig (3.13). 
3.11 WALL BEARING CAPACITY EQUATIONS: 
Once again it is assumed that the Stress failure of the wall 
will occur when the end rotation of the wall is less than the rotation 
corresponding to buckling failure,b . 	For ID values in excess of 
buckling failure is assumed to govern. 	In evaluating the stress 
failure loads, it is again necessary to determine the wall end 
rotation, (D. 	This is achieved by equating the stress failure 
equations with the corresponding moment rotation equations,whence, 
by definition from eq. (3.36) 
= 
once the wall end rotation is computed for known values of K, H, 
t and 	from the appropriate eqs., the failure load may be calculated 
from the stress failure equations provided that the computedD is less 
than'b. 	If the calculated 	is equal to or greater thanb, then, 
b is substituted for 	in the moment rotation equatiot to obtain the 
wall buckling loads, 9, whence, the capacity reduction factor is 
computed: 
= 
Capacity reduction factors where computed using two computer programmes 
for uncracked and cracked walls, these programmes together with the 
results are presented in Appendix (C) for various end eccentricities 
and wall slenderness ratios and some of these results are shown in 
Fig (3.14) for walls bent in single Curvature with zero eccentricity 
at one end. 	The discontinuation in these curves is due to the use of 
different equations governing the wall behaviour in both the uncracked 
and cracked mode. Thus, the wall end rotation equations are 
summarized below: 
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3.11.1 	TJncracked wall: 
For short walls bent in single curvature with zero eccentricity 
at one end,the wall end rotation is given as: 
= - 3 + / 	- 4Ac /2A ......... (3.59) 
where: 
A = 	(H/t)K + 3  Tr 	+ 92c - 2 (H/t) - 672E (H/t) 
B = 3 (H/t). 	. K. 
2 3 = K (H/t) 
For slender walls, 	is calculated from the solution of the 
cubic equation involved by the application of a computer programme 
as discussed in Section(2.3.5.1) for walls in double curvature. 
3.11.2 	Cracked wall: 
For short cracked walls, the wall end rotation is given: 
K.H 
= 3 2( 	- 2E )(H - 1.5t) .................(3.60) 
And for slender walls, , has the form of solution as eq. (3.59) 
where: 
A = 27 2/16 
= 27ir 	
1) 
c = 272 + K 
16 	7 
3.12 COMPARISONS WITH EXPERIINTAL RESULTS: 
The validity of the theoretical solution described in this chapter 
has been checked by comparisons with the results of a series of tests 
reported by the Brick Institute of America (3). 	These tests covered a 
range of slenderness ratios and eccentricity conditions corresponding to 
wall deflection in both cases of single curvature. 	Theoretical and 
experimental capacity reduction factors are shown in Fig (3.15) for 
walls bent in single curvature with equal end eccentricity, and in 
Fig (3.16) for walls bent in single curvature with zero eccentricity 
at one end. 	These results are also presented in Tables (2.1) and 
(2.2) respectively. 	As may be seen from these comparisons, for both 
cases of walls bent in single curvature significant differences occur 
for H/t values in excess of 20 and large end eccentricities (i.e. E = 1/3), 
However, since the capacity reduction factors are quite low, being less 
than 0.15, differences between test and theory are magnified, limiting 
H/t values to 20 for this case would eliminate those cases where agreement 
is not within acceptable limits. 	Thus, it may be concluded that, within 
the limits of experimental accuracy to be expected in this type of 
testing, agreement between theory and experiment may be regarded as 
satisfactory. 
TABLE (3.1) - CAPACITY REDUCTION FACTORS - WALLS BENT IN SINGLE 
CURVATURE ( 	= + 1.0) 
H/t test theory % difference 
3.7 1/6 0.80 0.74 8.1 
6.6 U  0.70 0.73 4.3 
6.7 0.83 0.73 13.7 
140 1  056 063 125 
22.7 0.39 0.32 21.8 
30.9 U  0.19 0.17 11.7 
46.1 " 0.17 0.08 112.5 
3.7 1/3 0.39 0.36 8.3 
6.6 it  0.31 0.32 3.2 
6.7 0.40 0.32 25.0 
14.0 0.13 0.10 30.0 
22.7 0.12 0.04 200,0 
22.7 U  0.17 0.04 325.0 
30.9 0.06 0.03 100.0 
46.1 U 0.03 0.01 200.0 
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TABLE (3.2) - CAPACITY REDUCTION FACTORS - WALLS BENT IN SINGLE 
CURVATURE (e1 k2 = 0.0) 
H/t c test theory % difference 
3.7 .05 1.09 1.00 9.0 
66 it 102 100 20 
67 106 100 60 
140 089 100 123 
21.9 0.76 0.97 27.6 
22.6 0.91 0.91 0.0 
227 088 090 23 
241 ft 076 080 52 
309 045 049 88 
46.1 0.30 0.22 36.3 
6.6 1/6 0.79 0.97 22.7 
21.9 Yl 0.62 0.60 3.3 
22.6 it 0.64 0.57 12.2 
227 It 054 056 37 
241 056 050 120 
46.1 0.23 0.14 64.0- 
6.6 1/3 0.58 0.49 18.3 
14.0 0.41 0.38 7.8 
22.7 it 0.30 0.17 76.4 
46.1 ft 0.08 0.04 100.0 
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CHAPTER 4 - JOINT ECCENTRICITIES 
4.1 	INTRODUCTION: 
A major problem in the design of structural masonry walls is 
the determination of the eccentricity at a floor/wall joint. 	This 
problem is usually resolved in design on an empirical basis although a 
few papers have been published suggesting methods for the calculation 
of such eccentricities. 	None of these, however, has the advantage 
of direct calculation of the joint eccentricity, some involve tedious 
trial and error procedures, others involve solution of a quadratic 
equation or the use of complex expressions. 
In this chapter, a simple method for the calculation of the 
joint eccentricities is developed, the joint being in any location in 
a single or multi-storey structure, exterior or interior, and the 
floor slabs may be of any type of reinforced concrete construction, 
one way or two way spanning, precast or cast in situ, the brickwork 
may be of solid or hollow construction. 
To verify the theoretical analysis, the equations developed have 
been used to calculate the joint eccentricities and the values are 
compared with test results. 	These comparisons showed good agreement 
between tests and theory. 
4.2 	JOINT ECCENTRICITIES: 
Two major problems arise in the design of structural masonry 
walls to resist compressive loading; firstly, is the determination of 
eccentricity of loading at wall/floor slab joints and, secondly, the 
reduction of the load bearing capacity resulting from eccentricity of 
loading and wall slenderness. 	Existing design codes treat these 
problems independently but in an actual structure they are not 
independent because of interaction between brick walls and reinforced 
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concrete floor slabs. 	Thus, joint eccentricities depend on the 
ratio of stiffnesses of walls and floors and on the characteristics 
of the joint between them as well as on the wall curvature type. 	The 
load bearing capacity of a wall panel is influenced by the same 
factors so that both problems have to be dealt with on the basis of 
assumptions and analytical methods which are mutually consistent. 
4.3 	WALLS SUPPORTING ONE WAY SLAB SYSTEM: 
As the eccentricity of the wall loads depends in addition to 
other factors on the rigidity of the slab and of the supporting wall 
as well as on the characteristics of the wall/floor joint.. The load 
eccentricity (sometimes referred to as structural eccentricity) may 
be calculated by considering the continuity condition at the joint (17) 
thus, 
0 s - 	
= 0 ..............................(4.1) 
4here 0, is the net slab rotation, 0w  is the rotation of the wall end, 
and Oj represents the angle of deformation in the joint, which is a 
measure of the joint rigidity. 
Where the floor slab forms a part of a structure of the type 
shown in Figure (4.1) in which the wall/floor joints are rigid and the 
walls are bent in double or single curvature, the angle of rotation of 
the slab at the support is given by (17): 
WL 	 ML 
	
0 S = 	24(EI)5 	- 2(EI)5 ..................(4.2) 
Where: M 	= 	L e 	+ Pu 	.................. 	(4.3) 
= 	(n - 1) 	
WL
+ (n - 1)G .............(4.4) 
= 	u 	







II 	 II 	 II 	II 
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W,is the uniformly distributed load of slab dead and live load,(EI)5  
is the slab flexural rigidity, G, the dead load of the wall per storey, 
and n is the ordinal number of a floor slab reckoned from the topmost 
storey of a building (i.e., Roof, n = 1). 
Substituting equation (4.3) into equation (4.2) gives: 
= 	
(L eL + 	e) 
(4.6) s- 24(EI)5 	 2(EI)5 
where e u and e   is the eccentricity of the compressive force immediately 
above and below the floor slab respectively. 
Assuming the joint moment rotation relation is linear (19), the 
value of Oj  may be given as: 
0 	= 	.................................... 	(4.7) 
Where ) is the joint stiffness, M is the joint bending moment as defined 
by equation (4.3). 	Thus, as a measure of joint stiffness, for rigid 
joints, X approaches infinity, hence the joint rotation approaches zero, 
in the case of very flexible joints,Xapproaches zero, it follows that 
O 	approaches infinity, i.e. the joint is deformed and in a failure 
mode. 
Substituting the expression for M from equation (4.3) into 
equation (4.7) gives: 
= (L 	e  + Pu • e) (4.8) 
X 
The wall end rotation O, may be expressed as a function of the 
curvature due to bending multiplied by the deflected length of the wall, 
hence, H, may either represent the full wall height for walls in single 
curvature, or half the wall height for walls in double curvature, whence, 
= (I). 	
. H 	.. ............................(4.9) 
Since the wall end rotation O is dependent on the wall curvature type, 
equation (4.9) is re-written to account for this parameter: 
o M 	H W = (I)w ........................... 4 	 (4.10) 
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Considering the wall end rotation, O, of the wall immediately 
below the joint under consideration where M = PL.eL, equation (4.10) 
finally becomes: 
e = PL.eL 	. .... ..............................(4.11) 
W 
CEI) R 
Equation (4.11) defines the rotation of the wall end as a function of 
the wall compressive force, P L'  wall eccentricity, eL,  wall flexural 
rigidity, wall curvature height, and R, which is a factor depending on 
the joint eccentricity, wall slenderness and type of wall curvature. 
Substituting equations (4.6, 4.8 and 4.11) into equation (4.1) 
we obtain: 
PL.eL 	H - WL3 	(P .e +Pu 	u) 
.e 	(Pu 	u 	L .e +P .e L) L L  
(El)w 	- 	 s S 24(EI) 2(EI) A 
....... ...........(4.12) 
Assuming equal eccentricity in upper and lower walls immediately above 
and below the joint, hence, e  = eu = e, and introducing the following 
notations: 
= 	P/PL 	. ......................................(4.13) 
= 	2(EI)/AL 	....................................(4.14) 
= 2(EI) 	. . ...........(4.15) L (EI) w 
= 	I + 	i ............... (4.16) 
N = 	 . ........................... ...........(4.17) 12 
Equation (4.12) may be re-written as: 
= 	N R 	 . ................(4.18) 
PL  ( R (1 + X) + 
Assuming a rigid joint, hence X -+, 	it follows that X+ zero and 
equation (4.18) reduces to the form: 
MR = ..................... (4.19) 
P L  t ( R + 
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Equation (4.19) is based on the assumption that the joint is fixed, 
so that it is valid in calculating joint eccentricities provided that 
this condition applies and the fixed end moment, N, could be reached 
if there was no rotation of the joint as a whole (i.e. if the walls were 
infinitely stiff). Experiments show that the fixity of the joint in 
a masonry structure depends primarily on the ratio of the flexural 
rigidity of the floor slab to that of the supporting wall, thus, 
depending on this ratio, full joint fixity may never be achieved in 
actual structures, and consequently, the full end moment, 1?, may 
never be developed. Because equation (4.19) is derived based on 
equation (4.2) defining the slab end rotation (17) of a simply supported 
slab (or beam) without including the effect of the wall (or column) 
stiffness on the development of actual end rotation of the slab, 
equation (4.19) should, therefore, be expressed as a function of the 
actual joint moment that would be developed depending on the degree of 
joint fixity and floor/wall flexural rigidities, and not on the full 
fixed end moment that may not be fully reached. 
In the case of reinforced concrete slabs supported by brick 
walls, the actual joint moment that could develop depends primarily on 
two factors besides that due to gravity loading; firstly, on the ratio 
of the flexural rigidity of the floor slab to that of the wall, and, 
secondly, on the magnitude of the wall precompression above the floor 
slab under consideration, as this assumed uniform wall precompression 
acts as a restraining force in clamping the floor slab. Hence, the 
higher the wall precompression, the smaller the slab end rotation 
resulting in larger slab end moments (i.e. joint moment). 
If, on the other hand, the magnitude of this wall precompression 
is small, this phenomenon will vanish and a crack will develop at the 
floor/wall joint due to loading on the slab. Hence, iñthis case the-
slab restraining moment will be small. 
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Based on this argument, and assuming that the ratio of flexural rigidity 
of the floor slab to that of the supporting wall is such that the rigid 
frame moment could be developed, the following relation is introduced: 
M0 = 	. .........-. ......................... (4.20) 
Whereas M is the actual moment at the joint (i.e. slab restraining 
moment), K , is the rigid frame moment obtained by structural analysis, 
or may be approximated as (23): 
- 	/ 3 ' 
MR = 12 ' 3 + ct 
is the ratio of floor slab stiffness to wall stiffriess:and is 
given as: 
(EI)s . 	............................. 	 (4.22) - 
- (EI)w 
Comparing equations (4.22) with equation (4.15) it follows that 
= 
	
	. ................................ (4.23) 
2 
Where H, represents, half the wall height for walls bent in double 
curvature and the full height for walls bent in single curvature. 
Equation (4.20) relates the actual moment at the joint, M0 , 
and the floor rigid frame moment, Mdepending on the degree of joint 
fixity as a measure of the total precompression at the joint, thus, when 
the precompression is equal to zero (i.e. Pu = o), as the uppermost slab 
in a multi-storey building, the joint moment M0 is equal to zero, 
simulating a hinged support where the slab is free to rotate, as the 
precompression increases, the value of P u'L  increases, and hence the 
slab restraining moment increases, thus when the value of approaches 
unity, the joint becomes fully clamped, and N0 is equal to the rigid 
frame moment, 
To verify equation (4.20) theoretical values of N3 compared with 
test results carried out on a full scale two-storey frame (20) where the 
precompression varied from zero to 0.7 N/mm (101 psi) and these 
comparisons show good agreement between equation (4.20) and test results 
for precompression greater than 0.3 N/mm2 as shown in Table (4.1) but gave 
overestimated values of M0 for smaller precompression stress, thus, a 
modification of equation (4.20) is proposed which is compared with 
test results as will be seen in Chapter (6) and gave close agreement, 
this proposed modification is given as: 
Mo = MR ( 	/ j; ) 	...................................(4.2k) 
Thus, where the precompression on the joint is less than 0.3 N/mm2  
(44 psi), equation (4.24) should be used to calculate the joint moment, 
and equation (4.20) is used when the precompression is equal to or greater 
than 0.3 N/mm2. 	The limit of application of equation (4.20) and (4.24) 
is suggested at 0.3 N/mm2 precompression. 	It may be found that using 
the formulae at values slightly above or below this limit two values of 
joint moment M0 could be found; in such cases, the average of the two 
joint moments could be adopted. 
TABLE (4.1) COMPARISON BETWEEN THEORETICAL AND EXPERIMENTAL JOINT 


















2.41 0.3 54.5 58.5 0.93 3.94 3.664 3.215 + 	13.96 
2.41 0.5 93.7 97.8 0.96 3.94 3.78 3.351 + 	12.80 
2.41 0.7 130.7 134.8 0.97 3.94 3.87 3.54 + 	7.90 
3.98 0.3 54.4 61.2 0.89 6.508 5.792 5.395 + 	7.35 
3.98 0.5 93.7 100.5 0.93 6.508 6.052 5.599 + 	8.09 
3.98 0.7 130.7 137.5 0.95 6.508 6.182 5.741 	1. + 	7.68 
* obtained by moment distribution for the frame 
**based on 	= 2(11)5 
	
H = 0.736. 
(II) L w 
The theoretical results based on the previous conclusions and the test 
results (20) are shown in Table (4.1). 	Using equation (4.20), 






PLt (7R + K) 
Substituting equations (4.20) and (4.24) into equation (4.25) we 
finally obtain:- 
MR. R . 
............. 	(4.26) 
PL.t (R+) 
The term (1/ ) 	is applicable where the precompressure stress 
above the joint is less than 0.3 N/mm2. 	The precompression of 0.3 N/trim2  
is associated with effectively rigid joints and equation (4.26) allows 
for a progressive reduction in joint rigidity at floor levels above 
that at which this precompression is attained. 	As mentioned earlier, 
in the region of the limiting value of precompression, two values of c 
will be obtained depending on whether the term (1/ 7) is used or not. 
In such cases, the average of the two values may be adopted. 
Equation (4.26) is valid irrespective of the joint location and 
will be used to compute the wall eccentricities at any external joint 
in any system where the slab is supported in one way direction. 	For 
the case of internal joints, equation (4.26) may be modified to compute 
the wall eccentricities in a one-way slab system where the loading and/ 
or adjacent spans are different so causing unbalanced moment at the 
joint, then, the moment 	in the case of unequal spans is either 
calculated by any structural analysis method or may be approximated as: 
W 2 2 	3 
(L1 - L2 ) (3 + 	) ...................(4.27) MR = 12  
And the expressions for the total compressive force in the wall above 
and below the joint under consideration are respectively: 
Pu = (n - 1) ( L (L1 	+ L2 ) 	+ G) ............(4.28) 
and PL = P 	+ (L1 	+ 	L2 ) 	......................(4.29) 
where L1is the larger slab span, and L2 is the smaller slab span. 
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Considering equation (4.26), it is clear that all the parameters 
involved are defined by the structure configuration and loading 
conditions except the parameter, R, which as mentioned earlier) is 
a factor depending on wall eccentricity, wall slenderness and type 
of wall curvature. 	The evaluation of the term, R, to be used in 
equation (4.26) is determined from the moment rotation equations 
presented in Chapters (2) and (3) for walls in double and single 
curvature respectively. 
4.3.1 	Walls bent in double curvature: 
The relationship between the wall eccentricity, end rotation, 
gravity loading and the factor R is obtained by multiplying 
equation (4.11) by (H/2)/t, whence we obtain: 
(H/2) 	(H/2) 	P L . eL 	(H/2) .e = 	.- 
(EI)w 	R 
From which: 
PL H2 	eL 	I 
= 4(EI), • 
	. ........................(4.30) 
Can be obtained. 	Equation (4.30) may be written as: 
= .....................................(4.31) 
Or may be expressed in the following form: 
dE: 	= 	 (4.32) 
4.3.1.1 Uncracked Wall: 
The moment rotation relation for uncracked walls bent in double 
curvature is re-presented as: 
TT 22 
= 	(+) 	................................ 	(4.33) 
Substituting equation (4.31) into equation (4.33), the term R 
is equal to: 
R = rv1 	- .............................(4.34) 
83 
From which it is evident that R depends on 9, which is a measure 
of the wall gravity loading. 
4.3.1.2 Cracked Wall: 
For cracked walls in double curvature, the moment rotation 
equation for short walls is: 
27ir2 	 2 
= 	8 
(1 - 2 E) 	................... 	(4.35) 
Substituting equation (4.31) into equation (4.35) and solving 
for R, we obtain: 
R 	=27 8 
7T2 
(1 - 2E) 2 (4.36) 






=(1 	2c 	 (4.37) 
Substituting equation (4.31) into equation (4.37), R, would 
require the solution of cubic equation to be evaluated. 	Thus, 
in order to compute the joint eccentricities, E, for walls bent 
in double curvature, the appropriate expression for R from 
equations (4.34), (4.36) and that obtained from solving 
equation (4.37), should be substituted into equation (4.26). 
By doing so, equation (4.26) would require the solution of a high 
power root equation which is virtually impossible to be solved by 
normal computations. 	Alternatively, by assuming that equation 
(4.33) is valid for uncracked and cracked walls, and from 
Figure (4.2), it is possible to obtain a relationship between the 
wall end rotation, 	, and the wall eccentricity, . 	This 
relationship is shown in Figure (4.2) for walls bent in double 
and single curvature, hence, from Figure (4.2) for uncracked walls 




= 	0.CI C 6358 	. o 	
E < 	1/6...... d . . .  
Substituting the value of (/c) from eqation (4.38) into 
equation (4.32) we obtain; 
= 0.6358R ..............................(4.39) 
Substituting equation (4.39) and (4.38) into equation (4.33) 
and solving for R, we obtain; 
R = 2.345 ...............................(4.40) 
Thus, R, constant for uncracked walls in double curvature with 
a value of 2.345. 
For cracked walls in double curvature, the slope of (/) is 
given from Figure (4.2): 
= 0.210 for 1/6 	< 1/3 .........(4.41) 
And./1=0.150 for 1/3 	 1/2 ......... 	(4.42) 
By taking the average of equations(4.41) and (4.42), hence: 
= 0.18 	for 1/6 < E < 1/2 .........(4.43) 
Thus, equation (4.43) defines the slope of (c / ) for the entire 
cracked zone. 
As previously assumed, that equation (4.33) is valid for the 
cracked zone, substituting equations (4.32, 4.43) into equation 
(4.33) and solving for R, gives: 
R = 	1.275 ..............................(4.44) 
Thus, the value of R as defined by equations (4.40) and (4.44) may 
be substituted into equation (4.26) to compute the wall 
eccentricity, C, for walls bent in double curvature having equal 
but opposite end eccentricities. 
4.4 	WALLS BENT IN SINGLE CURVATURE: 
In order to evaluate the parameter R for walls bent in single 
curvature, two types of curvature must be considered for each of the 
uncracked and cracked modes; firstly, for the case of walls bent in 
single curvature with equal end eccentricities, and secondly for walls 
bent in single curvature, but, with zero eccentricity at one end. 	In 
both cases, the deflected wall length equals the full wall height, H, 
hence multiplying equation (4.11) by H/t gives: 
= Z dR 	.......... ...........................(4.45) 
Or equation (4.45) may be written as: 
AD 	9 
JE ..........................(4.46) 
Equations (4.45) and (4.46) will be used to evaluate the parameter R 
for walls bent in single curvature. 
4.4.1 	Walls bent in single curvature with equal end eccentricities: 
4.4.1.1 Uncracked Wall: 
The moment rotation equation of uncracked wall in single curvature 
with equal end eccentricities is re-presented from Chapter (3) as: 
iT2  
Z 	= 	(4 E + 	.
.... 	(4.47) 
Substituting equation(4.45) into equation (4.47) and solving for 
R, we obtain: 




4.4.1.2 Cracked Wall: 
The moment rotation equation for the cracked cross-section is: 
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27IT2 	(1-2- 	/2)2 	..............(44) 
Thus, by substituting equation (4.45) into equation (4.49), R may 
be evaluated by solving the cubic equation obtained. 
By a similar approach to that adopted for walls bent in double 
curvature, and by assuming that equation (4.47) is valid for 
cracked and uncracked walls, from Figure (4.2)1 	has a constant 
slope in the uncracked and cracked zones, whence, 
= 	1.332 ................................ 	(4.50) 
Substituting equation (4.50) into equation (4.46) we obtain: 
= 	1.332 R ..............................(451) 
Substituting equations (4.50, 4.51) into equation (4.47) and 
solving for R, gives: 
R= 1.85 ..................................(4.52) 
Thus, the value of R = 1.85 could be substituted into the 
eccentricity equation (4.26) to obtain the joint eccentricity 
for uncracked and cracked walls bent in single curvature having 
equal end eccentricities. 
4.4.2 	Walls bent in single curvature with zero eccentricity 
at one end: 
For walls bent in single curvature having zero eccentricity at 
one end, the moment-rotation equation for the uncracked and cracked 
modes are exactly identical to those for walls bent in double 
curvature. 	The ultimate wall end rotation corresponding to 
various values of end eccentricities is also defined by the double 
curvature slope of Q) of Figure (4.2), hence, the values of R may 
be taken as those for double curvature. 	However, since the value 
of K, for walls in single curvature as defined by equation (4.15) 
is twice that for the case of double curvature, to avoid further 
complication it is assumed that the value of R for walls bent in 
single curvature with zero eccentricity at one end is taken as 
defined by equation (4.52) for walls bent in single curvature with 
equal end eccentricities. 	This assumption does not alter the 
computed eccentricities values within unacceptable limits, but 
simplify the application of using equation (4.26) by substiting 
R = 1.85 for all cases of uncracked and cracked walls bent in 
single curvature. 
4.5 	WALLS SUPPORTING TWO WAY SLAB SYSTEMS: 
In the case of brick masonry walls supporting two way slab 
systems, assuming uniform distribution of floor slab loading at the 
supporting brick walls (24), it is possible to compute the joint 
eccentricities provided that the joint moment M0, calculated based on 
plate anology, is used in equation (4.26) and the corresponding 
maximum wall compressive force above and below the joint are evaluated 
to account for such load distribution. 
4.5.1 	External Joints 
By a similar approach to that of Section (4.3) the following 
expression for the maximum wall compressive force above and 
below the joint respectively are derived assuming a uniformly 
distributed loading at the supporting walls, whence, for walls 
supporting the short span of the floor slab: 
Pu = 	(n - 1) 
WL + 
	(n - i) G .............(4.53) 
and 
WL = Pu + -..- .........................(4.54) 
And for walls supporting the long span of the slab: 
2 
pu = ( - 1) 	
(3 - m) + 
	- j) C 	(4.55) 
and PL = 	u + 	
m2)
(4.56) 
where m is the ratio of short to long span of the floor slab under 
consideration. 
The joint eccentricity c, may be given as: 
= M.R 	(Cs/Cf) 
(1/) 	...................(4.57) 
PL.t (R + R ) 
Where Cs is a factor depending on the slab configuration and type 
of support, and the value of C5(24) are presented in Table (4.2). 
Cf is the coefficient 1/12 constant since the equations were 
derived based on the full rigid frame moment of a one way slab 
supported system. 
The term (1/4) as nirtioned before applies only when the 
precompression above the joint is less than 0.3 N/mm2. 
The magnitude of MR  to be used in equation (4.57) should be the 
bending moment obtained by structural analysis or may be approximated 
as given by equation (4.21), and R is as defined byequations (4.40), 
(4.44) and (4.52). 
4.5.2 	Internal Joints:- 
For internal joints,equation (4.57) may be used to calculate the 
joint eccentricity provided that the bending moment MR  is taken as: 
MR = 	(L1 - L2) 	3 	.....................(4.58) 
3+c 
or MRmay be calculated by any structural analysis method. 
And the expressions for P and 	for walls supporting the shorter 
and longer spans respectively are: 
= (n - 1) 	(L1 + L2 ) + G) 	...............(4.59) 
= u + 	(L1 + L2 ) 	................... (4.60) 
And: 
P = (n - 1) 	. (3 - m1 2 ) 	+ WL2 	. (3 - m2 2 ) + C) 	(ti) U 	 2 	 3 2 
P = P +(-L . (3 - m1 2 ) + WL 	. (3 - m22) L u 
	
2 	 3 2 
(4.62) 
TABLE (4.2) MOMENT COEFFICIENTS 
Moments Short span Long span 
all values 
values of m** of m 
1.0 0.9 0.8 0.7 0.6 0.5 
CASE 	I 
Interior Panels: 
negative moment at: 
continuous edge .033 .040 .048 .055 .063 .083 .033 
discontinuous edge - - - - - - - 
CASE 2 
One edge discontinuous 
negative moment at: 
continuous edge .041 .048 .055 .062 .069 .085 .041 
discontinuous edge .021 .024 .027 .031 .035 .042 .021 
CASE 3 
Two edge discontinuous 
negative moment at: 
continuous edge .049 .057 .064 .071 .078 .090 .049 
discontinuous edge .025 .028 .032 .036 .039 .045 .025 
CASE 4 
Three edge discontinuous 
negative moment at: 
continuous edge .058 .066 .074 .082 .090 .098 .058 
discontinuous edge .029 .033 .037 .041 .045 .049 .029 
CASE 5 
Four edge discontinuous 
negative moment at: 
continuous edge - - - - - - - 
discontinuous edge .033 .038 .043 .047 .053 .055 .033 
* From ACI Standard Building Code 318 - 63. 
** Interpolate for intermediate values. 
Where m,  is the ratio of shorter side to longer side of the longer 
slab at one side of the joint, and m2, is the ratio of shorter to 
the longer side of the shorter slab at the other side of the joint. 
4.6 	DETERMINATION OF WALL ECCENTRICITIES AT FAILURE: 
The basic relation for computing wall eccentricities is given 
in equations (4.26) and (4.57) where R is defined by equations (4.40 and 
4.44) for walls bent in double curvature and equation (4.52) for walls 
bent in single curvature. 	However, it should be pointed out that in 
all cases when computing the eccentricities at the joint using one of 
the above equations, these calculated eccentricities must not be 
greater than the failure eccentricity (19) which is the maximum limiting 
value of the joint eccentricity, E:  failure, defined as: 
Ef 	= 	(1 -n ) ...................................(4.63) 
Where Ef is the eccentricity corresponding to joint failure and fl is 
the ratio of the axial compressive force in the wall to the wall 
compressive strength. 
Failure at the joint may also occur if the ultimate negative moment 
capacity of the slab is attained, thus, the value of MR to be used in 
the eccentricity equations must be the smaller of the rigid frame 
moment or the ultimate negative moment capacity of the slab. 
In computing the eccentricity at the joints where the slabs are 
supported by cavity walls, the effective wall thickness could be taken 
as 2/3 the sum of the actual thicknesses of the two leaves (25). 
4.7 	COMPARISONS BETWEEN THEORY AND TEST RESULTS: 
Little experimental information is available for joint 
eccentricities in structures supporting one way slab systems and none 
for structures supporting two way slab systems. 	Tests carried out on 
full scale two storey frame (20) where the precompression varied from 
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zero to 0.7 N/mm2 are compared with theoretical computations for 
external joint eccentricities in this chapter and is presented in 
Table (4.3). 	These comparisons show good agreement between tests 
and theory. 	The theoretical equations derived for joint eccentricities 
are also compared with experimental results carried out on a single-
bay, two-storey, half scale model, and a three-storey, two-bay, full 
size structure, having different floor/wall flexural rigidity ratio 
and will be discussed in Chapter 6. 













2.41 0.3 54.4 58.5 .93 .134 0.131 2.30 
2.41 0.5 93.7 97.8 .96 .083 0.08 3.75 
2.41 0.7 130.7 134.8 .97 .063 0.0585 7.70 
3.98 0.3 54.4 61.2 .89 0.22 0.180 22.22 
3.98 0.5 93.7 100.5 .93 .136 0.1265 7.50 
3.98 0.7 130.7 137.5 .95 .101 0.0936 7.90 
** Based on Z = 0.736 
* 	Test is obtained by dividing M0 (from tests) by the sum of the 
total force at the joint (i.e. Etest = Mo/(Pu+ PL).t 
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CHAPTER 5 - DESCRIPTION OF TEST PROGRAMME 
5.1 	INTRODUCTION: 
To verify the validity of the eccentricity equations developed 
in Chapter 4, two major test programmes were carried out to obtain 
sufficient results to allow comparisons between theory and tests. 
Since it is generally accepted that the clamping action of wall 
precompression significantly affects the rigidity of floor/wall joints, 
and hence the development of wall moments, a series of tests were performed 
on a single bay, two—storey half scale frame structure and on a two bay, 
three storey, full size structure. 	The ratio of flexural rigidities of 
the floors and walls differed considerably in the two structures in order 
to study the effect of this variable on the relationship between the wall 
precompression and the joint rigidity. 	The major variables in the tests 
were the magnitude of wall precompression, magnitude of floor live load 
and sequence of loading the walls and floors. 
Different testing methods were used in each case as the size of 
the test structures influenced the choice of testing equipments and loading 
frames. 	The test objectives were to determine the following: 
Joint moments M0, corresponding to various floor slab loading and 
wall precompression. 
Joint eccentricities c, developed due to floor slab loading at 
various magnitudes of wall precompression. 
Wall end rotations, wall deflections and strain corresponding to 
various values of floor slab loading and wall precompression. 
5.2 	HALF SCALE MODEL STRUCTURE: 
5.2.1 	Description of Test structure: 
The general arrangement of the half scale test structure along with 
pertinent overall dimensions is shown in Figure (5.1). Each wall 
consisted of 34 courses laid on alternate stretcher and header bond. 
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Thus, the wall thickness was equal to the length of one 
half scale brick, an average of 112 mm. 	The lower course 
of each wall was laid in stretcher bond, so that the 
upper course, located below each of the two floor slabs 
was a header course. 	The clear height of the wall was 
1230 mm for each storey height and the average width 
was 464 mm throughout. 
The reinforced concrete floor slabs were cast in the 
laboratory and were allowed to cure for 28 days prior to 
placement on the walls. 	The average slab thickness was 
90 mm and the width 468 nun throughout. 	The slabs 
length was 2400 rum, thus the average clear and c/c spans 
were 2178 mm and 2290 ruin respectively. 
5.2.2 	Material properties and construction procedure: 
As mentioned earlier, each wall consisted of 34 courses 
of half scale bricks laid in alternate stretcher and 
header bond. 	The average compressive strength of the 
bricks, with the frogs filled with 1:1 cement/sand, was 
between 30.36 N/nun2 and 35.59 N/urin2 . 	The mortar was 
1::4 (cement:lime:sand) proportioned by volume with 
average compressive strength between 11.14 N/mm2 and 
11.81 N/trim2 tested after 28 days water curing. 
The reinforced concrete slabs were cast indoors using 
1:1.8:3.2 mix by weight with a maximum aggregate size 
of 16 mm, and were compacted by hand rodding and a poker 
vibrator. 	The tops of the slabs were levelled with a 
wood strike board and were allowed to cure for 28 days 
uuz 





































prior to placement on the walls. 	The lower and upper 
slab reinforcement detail is shown in Figure (5.2), 
with the exception that,the top slab does not contain 
the 25 mm bolts embedded through the mid-slab depth. 
The average cube compressive strength of the floor slabs 
ranged from 29.74 N/mm2 and 31.38 N/mm2  tested after 
28 days water curing. 	The average modulas of 
elasticity of the concrete cubes was 24.36 KN/rnrn2  
The slab reinforcement consisted of hot-rolled, high 
yield deformed bars (BS 4449), four.  8 nun diameter bars 
placed longtitudinally in the bottom of the slab, with 
a cover equal to 25 nun and spaced at 135 mm c/c and 
were bent at the ends to provide for the negative moment 
on slab top and were extended to one fourth of the span. 
The temperature and distribution reinforcement consisted 
of 8 mm diameter bottom bars spaced transversely at 
230 mm c/c and identical top bars spaced for one fifth of 
the span from each end. 
Single and double brick prisms were prepared during 
construction of the walls and allowed to cure in the 
laboratory. 	The average modulas of elasticity of 
single prisms (six-bricks high) was 6.5 KN/rrim2 with 
a compressive strength of 11.63 N/mm2. 
Corresponding values for double brick prisms (eight-bricks high) 
were 5.04 KN/mm2 and 8.17 N/mm2 respectively. 	The average 
brick prism density was found to be 17.45 KN/m3. 	A summary of 
the material properties is given in Table (5.1). 
TABLE (5.1) MATERIAL PROPERTIES (HALF SCALE MODEL) 
Material Dimensions 
28 days compressive 
strength N/=2  
Average 
modulas Remarks 
of elas- Frog up- Frog 
ward downward ticity 
N/mm2 N/mm2  KN/mm2  
Bricks 110.79x53.5 32.56 33.02 - Frogs filled with 
x 32.08 mm 1:1 cement/sand. 
Average of 12 
samples. 
Mortar 4"x41t x4" 11.35 - 
Cement :Lime :Sand 
by weight. 
Average of (5) 
cubes. 
Brickwork 
11.05 x53.5 11.63 6.50 Average of (6) Single 
prisms mm prisms 
Double 229x 111.0 8.17 5.04 Average of (5) 
prisms mm prisms 
Concrete 
cubes 411 x411 x4" 30.51 24.36 1:1.8:3.2 
Cement : sand: grave 
by weight. 
Average of (4) 
cubes. 
Plate (5.1) shows the lower slab reinforcement. 	The reinforcement 
were seated on plastic supporters to ensure a uniform cover of 25 mm 
throughout. 	The 25 mm transverse bolts for the lower slab is also 
shown; these bolts were placed at slab mid-depth as a safety 
precaution against collapse that may occur due to excessive sidesway 
movements. 
The construction of the brick walls was carried out by using coursing 
rods and levels and the workmanship was considered equivalent to that 
which could be obtained in practice. 	Upon completion of the lower 
storey walls, the first floor slab was set in place in a fresh mortar 
bed after seven days. 	The second storey walls were constructed and 
allowed to cure for one week before placing the second floor slab 
on fresh mortar layer. 	As mentioned earlier, as a safety precaution 
against collapse that may occur due to excessive sidesway of the 
structure as a whole, the lower slab was partially restrained from 
sidesway movements by 4-25 mm diameter bolts that were embedded 
through the mid—slab depth prior to concrete pouring, these bolts 
passed through slots in the steel loading frame, the slots were 
slightly larger than the bolts to ensure undisturbed deflection and 
rotation of the slab during loading but provide a stability factor 
if excessive sidesway were to occur. 	At top slab level, 6 inch 
collapse prevention channels were fixed to the loading steel rig, and 
25 mm bolts passed through these channels to support the top slab 
laterally if a large sidesway were to occur. 	A small gap was left 
at both sides between the top slab and these bolts to eliminate any 
friction that may cause a restraint on the top slab deflection and 
rotation. 	The details of the loading frame are shown in Figure (5.3). 
Plate (5.2) shows a general view of the test structure and loading 
frame, and the top slab collapse prevention bolts and channel is shown 
in Plate (5.3). 	Plate (5.4) shows the lower slab lateral bolts in 
position. 
5.2.3 	Loading Sequence: 
All tests were conducted using the dead load position of the structure 
as the reference position. 
Two independent loading systems were used. 	One system applied axial 
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by means of an electrically operated pressure pump. 	These 
jacks were located on the upper surface of the top floor slab. 
The jacks load was distributed through 4" steel beams resting 
on a 1" solid steel distribution plate which was seated on a 
4 mm rubber pad as shown in Figure (5.4). 	In the second 
loading system, load could be applied to either or both of 
the floor slabs at their third points by 3 ton capacity single 
load jacks connected to a manually operated hydraulic pump. 
The jack loads were distributed through 4" steel beams resting 
on 4 mm rubber pad. 	The applied loads were measured using 
load cells located under a single jack connected to each 
loading system. 	Both loading systems were calibrated in an 
Avery Testing Machine. 	Plates (5.5) and (5.6) show the walls 
and slabs loading jacks respectively. 
The magnitude of active wall precompression (i.e. jack loads 
excluding dead load of structure) varied from 10 RN/wall up 
to 80 RN/wall at 10 RN increments. 
The two floor loadings were 1.5 RN and 3.0 KiI on each load 
point for the major tests where floors and walls loaded 
simultaneously; these loadings are considered equivalent to 
uniformly distributed live loads of 1.75 RN/rn and 3.5 RN/rn 
respectively. 
In one series of tests, the wall precompression was applied 
prior to loading the lower floor. 	In a second series of tests 
the floor load was applied prior to precornpressing the walls. 
These tests simulate variation in the construction sequence 
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slab, while the latter represents a precast floor system. 
A summary of test programme is given in Table (5.2). 	In each 
test the following sequence was followed: 
Read all gauges. 
Apply either wall or floor load and re-read gauges. 
Apply remaining wall or floor load and re-read gauges. 
Each test was repeated at least twice to ensure reliability of 
the results. 	If there was any significant variation in the 
magnitude of any of the readings the test was repeated until 
a suitable average was obtained. 
TABLE (5.2) - SUMMARY OF TESTS - HALF SCALE FRAME  
Test Wall precompression Floor load Remarks 
Active Total Series KN/point_load 
(KN) (N/mm2) Lower Upper * 
A 0.0 0.0 0.0 0-3 Upper floor loaded only to 
compute the slabflexural 
rigidity El 
B 0-80 0-1.567 0.0 0.0 To investigate wall behavic 
(def. and rot.) due to wall 
precompression 
C 0.0 0.071 0-4.0 0.0 To determine the jointrigi 
of the structure with no wal 
precompression, joint mome 
and eccentricity 
D,E 0-80 0-1.638 0-3.0 0.0 The wall precompression ap 
prior 	loading _to_ 	_slab 
F,G 0-80 0-1.638 0-3.0 0.0 Floor loads applied prior 
wall _precompression 
H 0-81.5 0-1.666 1.5 1.5 Floor slabs loaded prior 
wall precompression 
J 0-83 0-1.697 3.0 3, Same as (H). Slabs load = 
3 KN. 
K 0-94.0 0-1.843 3.0 3 Lower and upper floors b 
prior to wall precompressic 
Each increment of precompr 
equals the load of one stot 












* including D.L. of structure, loading beams and jacks. 
5.2.4 	Instrumentation: 
Measurements of deflection, rotation and strain at several 
locations throughout the structure were recorded in each of 
the tests conducted. 	Details of the three basic types of 
measurements are given in the following. 
5.2.4.1 Deflections: 
A total of 18 linear displacement transducers reading to 0.01 mm 
were used. 	The walls transducers were supported by an 
independent separate steel frame which was diagonally braced 
to the laboratory concrete floor to eliminate any horizontal 
movements as shown in Figure 5.5. 
These transducers were fixed to a square hollow steel section 
1.5/8" which in turn was fitted into a 1" square section to 
enable free movement and positioning before the fixing screw 
was tightened to lock the transducer in position as shown 
in plate (5.7). 
The upper slab transducer was fixed on the lower floor slab 
and connected to a stainless steel rod which was fixed at its 
end to the upper floor slab. 	The lower slab transducer was 
fixed on the laboratory concrete floor and similarly connected 
to a stainless steel rod which was fixed to the underneath 
side of the lower floor slab. 	Thus, the net upper slab 
deflection was dependent on the lower slab deflection as well, 
hence, the net deflection of the upper slab is obtained as: 
Net upper slab deflection 
= 	L\ 
upper slab 	lower slab, 
Downward deflection is positive and upward deflection 
negative. 
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Since the lower slab transducer was. fixed to the floor, the 
lower slab deflections recorded represent the actual net 
deflection. 	Plates (5.8) and (5.9) show the upper slab trans- 
ducer fixed on to the lower slab floor and the lower slab 
transducer fixed on to the concrete floor respectively. 	All 
transducers were connected to a telytype printer and their 
locations and numbers are shown in Figure (5.6). 
5.2.4.2. 	Rotation: 
Rotation of the wall and floors at their junction was measured 
using electronic levels reading to 10 secs or 0.5 meter radions 
(estimate to 0.1 m. rad.). 	A total of five levels were 
installed and their locations are shown in Figure (5.7). 	The 
electronic levels at lower slab level are shown in Plate (5.10). 
5.2.4.3 	Strain: 
It was initially proposed that wall strains would be recorded 
using 140 mm vibrating wire gauges for the test structure 
mounted on both faces of the walls and slabs as shown in 
Figure (5.8) and Plate (5.11) and 2.5 inches long vibrating 
gauges for brick prisms. 	These gauges were connected to a 
data logger with print out. 	Each gauge was automatically 
read 4 times at each loading so that an accurate average value 
could be obtained. 	However, during the course of testing, 
it was evident that strain values obtained in this manner did 
not necessarily reflect the strain across the wall width, 
hence, it was decided to ignore these readings as they are 
unreliable, and demec gauges were used to measure the strain 



















C'4 	 1- 















5.3 FULL SCALE TEST STRUCTURE: 
5.3.1 	Description of test structure: 
The two bay, three storey structure is shown in Figure (5.9). 
The brick walls consisted of 32 courses per storey height and 
the average height was 2438 mm with average wall thickness equal 
to 102 mm, thus, the wall thickness equals half a brick. 	The 
average width of the test structure is 1219 mm. 
This structure was built for an earlier series of tests reported 
in Reference (26). 	The Omnia slab reinforcement details are 
shown in Figure (5.10) together with the dimensions of these 
precast unit slabs. 
5.3.2 	Material properties and construction procedure: 
The two bay, three storey, structure was constructed (26) using 
three hole, perforated, wire-cut common bricks of compressive 
strength 37.9 N/mm2 with a coefficient of variation of 19%. A 
1:1/4:3 (rapid hardening cement:hydrated lime:sand) mortar was 
used, the average compressive strength of the mortar was 
12.7 N/mm2 at 28 days age. 
Brick prisms six-courses high were built and cured on site for 
quality control. 	The specimens were capped top and bottom for 
testing. 	The average compressive strength of these prisms at an 
age of 1 years was 20 N/trnn2 and the modulas of elasticity is 
taken as 11.7 KM/mm2  
50 mm thick 'Omnia' precast panels equal to the internal dimension 
of the building bay were lifted and kept in position by props 
with no bearing on the walls except for the reinforcement protruding 
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on top of the precast slabs to obtain a thickness of 130 mm 
throughout. 
Negative reinforcement was provided as required for continuity at 
the end and at the central support, before pouring the concrete. 
By adopting this method of construction, not only considerable 
saving in time and cost of shuttering was achieved but a good 
joint similar to a cast-in-situ slab was obtained between the 
finished slab and wall underneath. 	The average compressive 
strength of the concrete cylinders was 25.8 N/mm2 at an age of 
1 1-2 years and the corresponding modulas of elasticity was 25.83 
i/mm2. 	A summary of the material properties is given in 
Table 5.3. 
TABLE (5.3) - MATERIAL PROPERTIES - FULL SIZE TEST STRUCTURE 
Material Compressive strength Modulas of Remarks 
N/rum2  elasticity 
KN/nnn2  
Bricks 37.90 - Three hole, perfora 
- wire-cut common bri 
Mortar 8 	- 12.7 - 1:1/4:3 
7 days - 28 days Cement:lime:sand 
Brickwork 17.0 	- 20.0 11.70 1:1/4:3 
(single 28 days - 1% years Cement:lime:sand 
prisms) 
Concrete 18 - 25.80 25.83 1:2:4 
7 days - 1 	years Cube tested at 7 da: 
age. 
Cylinder tested aft 
1years. 
5.3.3 	Loading sequence: 
Once again two loading systems were used. 	One system applied 




Figure (5.11). 	Two load cells were located on the upper surface of 
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the top floor slab (at third floor level). 	These jacks were 
connected to the top of a specially assembled steel beam which in 
turn was connected to the ground anchorage beams by 50 mm high 
tensile steel bars as shown in Figure (5.12). 	As the load was 
applied to the jacks, the top box beam was forced downward against 
the loading cells which in turn transferred the loads to the wall 
underneath. 	The magnitude of the applied loads was measured by 
the load cells placed between the loading beam and the load 
distribution plate. 	This simple method of loading the walls by 
tensile jacks substituted the conventional method of having a 
large three storey high steel loading frame which would cost much 
more and require longer to assemble. 
In the second system, load could be applied to the first floor 
slab at the third points of the floor span (one span loaded only). 
Applied floor loads were measured using a single load cell and two 
loading jacks connected to the floor slab loading frame as shown 
in Figure (5.13). 
The magnitude of the active wall precompression considered in the 
major tests varied from 20 KN and up to 240 KN at 20 KN increment, 
and the floor loading varied from 3 KN per point load to 15 KN by 
3 KN increments. 	The point loads are considered equivalent to 
uniformly distributed live loads of 2.42 KN/m to 12.11 KN/m based 
on continuous beam analysis. 
The loading sequence of floor and wall loadings followed the same 
sequence as in the half scale model. 	A summary of the test 
programme is shown in Table (5.4). 
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A general view of the test structure is shown in Plate (5.12), 
the outer wall precompression loading frame is also shown, the 
box beam for wall precompression is shown in Plate (5.13) and 
the supporting ground anchorage beams in Plate (5.14). 	As may 
be seen from Figure (5.9), the floor slabs are supported laterally 
by steel sections at each level and fixed to the quarry face to 
prevent possible collapse that may occur due to excessive lateral 
movements of the floor slabs. 	In addition, a steel scaffolding 
frame was erected around the test structure to provide an easy 
access for installing the instrumentation. 	It was also arranged 
that this scaffolding would support the floor slabs if collapse 
was to occur during testing. 	The scaffolding struts were placed 
underneath each floor level leaving 25 uun clearance between them 
and the floor slabs. 
To prevent any tilting or collapse of the wall precompression 
frame, the box loading beam was tied by a tension bracing system 
consisting of steel cables with turn buckle adjustment and fixed 
to the quarry face. 
A view of the slab loading frame details is shown in Plate (5.15). 
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TABLE (5.4) - SUMMARY OF TESTS - FULL SIZE STRUCTURE 
Test Wall precompression Floor load Remarks 
Series :<N/point load 
Active Total 	* 
KN N/mm2  
A 0.0 0.193 0-15.0 To determine floor slab 
flexural rigidity El 
B,C,D, 0-240 0.193-2.123 0-15.0 Precompression applied prio 
E,F to loading floor slab. Floo 
slab load increments at 
3.0 KN. 
G,H,J, 0-240.0 0.193-2.123 0-15.0 Floor load applied prior to 
K,L wall precomp. 	Floor slab 
load increments at 3.0 KN. 
N 100.0 0.997 0-15.0 Constant precompression 
applied prior to loading 
floor slab 
N 200.0 1.801 0-15.0 Same as M 
P 300.0 2.60 0-15.0 Same as N 
R 600.0 5.018 0-37.5 Same as N. 	Floor slab load 
continuously increased unti 
failure. 
* including dead load of structure, loading beams and jacks. 
5.3.4 	Instrumentation: 
5.3.4.1 	Deflections: 
A total of 11 linear displacement transducer reading to 0.01 mm 
were used. 	The numbers and locations of these transducers are shown 
in Figure (5.14). 	The wall transducers were supported by 
an independent separate steel frame similar to that used for the 
half scale model structure. 	A view of the transducers and 
supporting frame is shown in Plate (5.16). 
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The slab transducer was supported by an individual scaffolding 
system which was braced diagonally to eliminate horizontal move- 
ments and was- fixed to the concrete floor. 	Plate (5.17) shows 
the slab transducer in position. 
All transducers, electronic levels and vibrating wire gauges were 
weather protected by covering them with plastic containers as 
shown in Plate (5.16). 
5.3.4.2 Rotation: 
Rotation of the wall and floors at their junction was measured 
using 3 electronic levels as shown in Figure (5.15) and Plate 
5.18 ); these levels were also weather protected by using a plastic 
container. 
5.3.4.3 	Strain: 
Wall and slab strain were recorded using vibrating wire gauges. 
The locations and numbers of these gauges are shown in Figure (5.14). 
As mentioned earlier, it was evident that strain readings obtained 
were not regarded as reliable and were ignored. 
1100 	1102 	1100 
Comressior. J(q. 
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Fig.( 5.11 1- Test Stxctire Loading Arranzemerit. 
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CHAPTER 6 	- TEST RESULTS 
6.1 	INTRODUCTION:- 
In this chapter, test results obtained from the half scale model 
frame, and the full scale test structure discussed in Chapter (5) are 
presented. 	From these results, joint eccentricities are computed and 
compared with the theoretical equatiouspreserited in Chapter (4). 	The 
test results are presented in two parts, firstly, those corresponding to 
the half scale model frame, and secondly, those for the full size test 
structure. 
During testing of the half scale model structure, the upper floor 
slab was loaded only to determine the floor slab flexural rigidity, El. 
As the testing was repeated, and the design loads were sometimes exceeded, 
small cracks on the underneath side of the slab, particularly in the middle 
third of the span, occurred as a result, and consequently, the central 
deflection and end rotation of the floor slab became greater for the same 
magnitude of floor loads resulting in a smaller value of slab flexural 
rigidity (El), as will be discussed later. 
6.2 	HALF SCALE MODEL FRAME:- 
6.2.1. 	Determination of Slab Betiding Stiffness: 
From test series (A), an estimate of the cracked flexural 
rigidity of the concrete floor slabs (El) was possible. 	Thus, 
loading only the top floor slab, and since the end restraining 
moment is so small and may be assumed zero, the following relations 
are valid from simple mechanics: 
23 	3 
c 	 ............................. 	(6.1.) EI 
PL2  
eend = - 	.............................(6.2) 
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From which, El, becomes: 
EIA = 0.0355 PO  
AC 
PL2 




Values of (El) calculated from equation (6.3) and (6.4) together 
with the corresponding values of A c 	end 
and 0 	for various slab 
loads, P, are presented in Table (6.1). 
As mentioned earlier, due to repeated loading and unloading 
of the upper slab (sometimes the design loads were exceeded), 
tensile cracking occurred on the underneath side of the slab, 
particularly in the middle third of the span. 	As a result, 
the slab flexural rigidity (El) was reduced as may be seen from 
Table (6.1). 	Thus, an average value of (El) equal to 337 KN.m2 
is adopted and used in all computations involving the reinforced 
concrete slab flexural rigidity. 
From test series (B), the midspan deflection and end rotations of 
the top slab were measured for several magnitudes of wall pre— 
compression. 	Thus, from simple beam theory, the application of 
equal end moments to a beam of uniform cross—section will induce 
the following deformations: 
I~C = NL2/8E1 .............................(6.5) 
0
end 
= 	/2EI ..............................(6.6) 
Hence, from equations (6.5) and (6.6), with L = 2.29 metres, the 
ratio A/0 is equal to: 
= L/4 = 572.5 u 	.....................(6.7) 
However, as may be seen from Table (6.2), the ratio of Ale 
obtained by tests is smaller than that given by equation (6.7) 
and does not remain constant. 
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Since the span length, L, and end moments, M, are the same in 
both equations (6.5) and (6.6), it is concluded that the reason 
for the discrepancy between test and theory is due to changes 
in the flexural rigidity, (El), of the concrete slab. 	As a 
result of these findings, three possibilities exist with respect 
to equations (6.5) and (6.6), namely, either, 
I) Equation (6.5) is incorrect, or, 
Equation (6.6) is incorrect, or, 
Equations (6.5) and (6.6) are both incorrect. 
Since the magnitudes of the end moments resulting from the 
application of the wall precompression are not definitely known, 
it is not possible to say which of these possibilities is 
correct. 	However, the reason for this discrepancy between 
test and theory may be, firstly, that due to loading the upper 
floor slab in test series (A), the slab was observed to be 
permanently deflected from its initial position and a slab/wall 
crack developed and opened up in the joint mortar bed. 	As the 
wall precompression was applied in test series (3), the gap 
between the slab/floor closed rapidly, and hence, the slab end 
rotations are magnified and the ratio of i/O becomes smaller. 
The second reason for this discrepancy could be that, as the end 
moments are increased and the middle of the slab lifts up, tension 
cracks on the bottom side of the slab tend to close, and with 
increased wall precompression, tensile cracking occurred on the 
top side of the slab where there is no tensile reinforcement, thus, 
causing a reduced flexural rigidity and the ratio of L/O does not 
comply with that of equation (6.7) 
The major reason for the discussion of this data is to show that 
end moments predicted from equations (6.5) and (6.6) will not 
be in a very close agreement. 
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Table (6.1)- Test Series (A)- Half Scale Model. 
First Test 
Slab 'io Anet "slab EI Ele  % 
Load x10 3  Eq.6.3 Eq.6.4 Diff. 
(KN) (rim) (mm) (ITim) Radians KN12 KN.M2 
1.0 + 103 - 0.05 + 1.08 - 1.65 1 394-73 353.13 11.78 
1.5 + 1.62 - 0.07 + 1.55 - 2.20 412.56 397.28 3.84 
2.0 + 2.18 - 0.09 + 2.09 - 2.80 409.96 416.19 2.01 
2.5 + 2.76 - 0.11 + 2.65 - 3.40 402.18 428.43 6.2 
3.0 + 3395 - 0.13 + 3.82 - 4.50 334.80 388.45 1.02 
Average 390.44  396.69 1.60 
Second Test 
1.0 + 1.40 - 0.05 + 	1.35 - 1.80 315.79 323.70 2.50 
1.5 + 2.04 - 0.08 + 1.96 - 2.55 326.26 342-751 5.05 
2.0 + 2.67 - 0.11 + 2.56 - 3.35 1 333.06 347.86 1  4.44 
2.5 + 3.30 - 0.13 + 	3.17 - 3.90 336.21 373,50 11.09 
3.0 + 4.18 - 0.15 + 4.03 - 4.90 317.36 350'.741 12.40 
Average 325.73 348.91 7.11 
Third Test 
1.0 + 1.64 - 0.16 + 1.48 _ 2.08 288.05 280.13 2.82 
1.5 + 2.56 - 0.26 + 2.30 3.05 278.03 286.50 3.04 
2.0 ,+ 	3.67 L 0.40 + 3.36 - 4.00 253.76  290.60 14.51 
2.5 + 4.56 - 0.52 + 4.04 - 4.75 263.81 306.00 15.99 
3.0 + 5.58 H 0.65 + 4.93 - 6.75 259.42 258.58 0.17 
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6.2.2. 	Slab Deflections and Rotations: 
The most significant data recorded during the test programme 
were the midspan displacement and end rotations of the lower 
floor slab. 	In test series (C), only the lower floor was loaded, 
whereas in test series (D) and (E), the wall precompression were 
applied prior to loading the lower slab and in test series (F) 
and (G) the floor slab was loaded prior to precompressing the 
walls. 
In test series (H) and (J), both upper and lower slabs were 
loaded prior to application of wall precompression, thus, these 
tests are identical to test series (F) and (G) as far as the 
deformation of the lower floor slab is concerned and hence 
these deformations and the corresponding computation of joint 
eccentricities are not presented, and only the walls deformation 
are included. 
In test series (K), although both slabs were loaded identically 
to test series (J), the magnitude of wall precompression applied 
varied from that for all other tests. 	In this series, the 
increments of wall precompression applied represents the total 
force above the joint corresponding to each additional storey 
height (each increment equals the dead load of, slab, brick wall, 
loading beams and jacks, and the live load from jacks). 
Test data for test series (C), (D), (E), (F), (C) and (K) are 
presented in tables (31) through (B6) in Appendix (B). 
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6.2.3 Moments due to wall precompression: 
The slab restraining moments due to application of wall 
precompression may be obtained from simple mechanics, whence, 
the relation between end moments, midspan displacement and 
end rotation are: 
M = 8E1 	/L2 . ..............................(6.8) 
N = 2E1 OIL 	. ..............................(6.9) 
Where, M is the slab restraining moment due to wall precompression, 
and 0, are the deformations caused by the application of wall 
precompression.  
Slab restraining moments due to application of wall precompression 
were calculated using equations (6.8) and (6.9) based on midspan 
deflection and slab end rotation respectively. 	In all tests 
where the floor slab was loaded prior to application of wall 
precompression, the slab restraining moments developed due to pre—
compressing the wall(s) were greater than those where the wall 
precompression was applied prior to loading the floor slab. 
This is because the deformations recorded due to wall precompression 
in the former tests were greater than those in the latter, 
particularly at high precompression stress. 
6.2.4 	Moments due to floor loads: 
The slab restraining moments due to floor load application may 
be computed using the following relations from simple mechanics (20); 
Based on midspan deflection, 
M = 0.284 PL - 8 El A/L2 ...............(6.10) 
Based on slab end rotation, 
M = 2 PL/9 - 2 El OIL .................. (6.11) 
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Where N, is the slab restraining moment (joint moment) due to 
floor loads application F, the deformations A and 0 are those 
due the slab loads F, which are partially restrained due to the 
end moments induced at the joints. 
Using Ewali = 5.04 KN/tnm2 from the brick prism test, and assuming 
uncracked wall, a moment distribution analysis of the frame 
structure indicates that the rigid frame slab restraining moments 
would be 0.625 KN.tu. and 1.25 KN.ui. for floor loads of 1.5 KN/load 
point and 3.0 KN/load point respectively. 
6.2.5. Total Moments: 
Total restraining moments are computed using both slab deflection 
and rotation data, thus, for example, the total restraining 
moment based on deflection data is obtained by the sum of 
equations (6.8) and (6.10) and noting that, A, in equation (6.8) 
represents the upward deflection of the slab due to the applica-
tion of wall precompression, and in equation (6.10) represents 
the downward deflection due to loading the floor slab. Similarly, 
total slab restraining moments based on rotation data are obtained 
from the sum of equations (6.9) and (6.11). 
6.2.6 Joint Rigidity: 
Determination of the joint fixity is obtained by dividing the 
slab restraining moments caused by floor loading (i.e. joint 
moments) obtained from tests by the corresponding rigid frame 
moments obtained by structural analysis. 	Thus, this ratio 
defines the joint rigidity and capability to transfer the slab 
moments to the supporting walls, or in other words, the 
capability of the joint to develop end moments as a percentage 
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of that of a fully rigid frame. Joint rigidity plotted as a 
function of wall precompression is shown in figure (6.1) for 
the half scale testing frame. 
Theoretical joint eccentricities are computed from equation 
(4.26) and are compared with experimental results in Tables 
(6.3) through (6.8). To facilitate the comparisons, some of 
these results are plotted in Figure (6.2). 
Computations of the joint eccentricities from test data are 
obtained by dividing the experimental slab restraining moments 
by the sum of the load at the base of the wall above the floor 
and the load at the top of the wall below the floor (i.e. the 
sum of P and 
It should be noted that, in computing efrom equation (4.26), 
a value of K = 0.661 was used which is based on the slab flexural 
rigidity El equals to 337 KN.m2. 
6.2.7 Wall deflections and rotations: 
Deflection of the brick walls under various loading conditions 
are given in Tables (37) through (316) in Appendix (B) and 
are also presented in Figures (6.3) through (6.12) respectively. 
As may be noted from these figures, wall deflections are 
relatively small and the deflection pattern for both walls is 
not identical as may be expected from theoretical analysis. 
Rotation data of the upper and lower brick walls are presented 
in Table (317) for test series A, B and C, and in Tables (318) 
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6.3 FULL SCALE TEST STRUCTURE: 
6.3.1 Determination of slab bending stiffness: 
An estimate of the cracked floor slab flexural rigidity (El) may 
be computed by loading the floor slab only, and obtaining the 
midspan deflection and end rotation corresponding to the 
magnitude of floor loads applied. 	Based on analysis of the 
continuous two span floor slab, with one span loaded only by 
point loads at third points, the following relations are 
obtained: 
= 65 PL3/ 2592 El 	..................... 	(6.12) 
Oend = PL2 / 1 2 El 	......................(6.13) 
From which, 
EIA 	= 65 PL3/2592A c ......................(6.14) 
El0 = PL2/12 0end 	......................(6.15) 
Where, Lc and 0end'  are the maximum tnidspan deflection and end 
rotation of the loaded floor slab respectively. With, P = 2 KN/point 
load, the following deformations were recorded: 
= 0.48 mm 
0end = 0.48 * 10 3 Radians. 
Substituting these deformations in equations (6.14) and (6.15) 
gives 
EI = 3985.72 KN.m2  
El0 = 3785.83 KN.m2  
The difference between (El) obtained from equations (6.14) and 
(6.15) is 5.28%, and the average of the two equations sets the 
value of (El) equal to 3885.77 KN.m2, which will be used in all 
computations throughout. 
We 
6.3.2 	Slab Deflections and Rotations: 
The lower floor slab niidspan displacement and end rotations 
are presented in Tables (B22) through (B33) for all test 
series, except (A), which is presented in Table (6.9). 
In test series (A), only the floor slab was loaded in order 
- 	to determine the joint rigidity and eccentricities without the 
application of wall precompression. 	In test series, B, C, 
D, E and F, the wall precompression was applied prior to loading 
the floor slab, simulating a cast-in situ type of construction, 
whereas, in test series G, H, J, K and L, floor loads were 
applied prior to precompressing the wall, which represents a 
precast floor construction analogy. 
In test series N, N, and P, a constant wall precompression 
was applied in each test prior to loading the floor with 
variable loads to investigate the effect of applying variable 
live loads on joint eccentricities and the possible reduction 
in joint rigidity. 	Test series (R) is identical to test series 
N, N, and P, except that, the wall precompression was increased 
to 600 K11, and the floor loads were increased gradually in order 
to reach the "joint failure" limit. 	However, as the floor 
loads were increased, the joint never failed, but, severe 
tensile cracking of the reinforced concrete slab floor occurred 
at the bottom of the slab at the middle third of the span, and 
the concentration of these cracks was nearer to the precompressed 
wall, followed by cracking on the top side of the slab in the 
negative bending moment zone at the span ends. 	These cracks 
are illustrated in Plates (6.1) and (6.2) showing the bottom 
cracks, and Plates (6.3) and (6.4) showing the top cracks at 
each end of the floor slab. 
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6.3.3 	Moments due to wall precopression: 
As only one exterior wall was subjected to "Active precompression", 
the slab restraining moments due to wall precompression based on 
the analysis of a continuous two-span beam, may be given by: 
Based on mIdspan deflection, 
M = 16 El ............................(6. 16) 
Based on slab end rotation, 
H= 3 El /L ..........................(6.17) 
Where, M, is the slab restraining moment, A and 0,  are the 
deformations induced by the application of this end moment 
through precoutpressing the external wall only. 
Equations (6.16) and (6.17) gives the slab restraining moments 
due to wall precompression only. 
6.3.4 	Moments due to floor loads: 
The slab restraining moments due to floor loading, based on 
the analysis of a two span beam with one span loaded only by 
point loads at the third points of the span is given as: 
Based on midspan deflection, 
M = 0.2 PL - 8 El AJL2 .................(6.18) 
Based on slab end rotation, 
H = PL/6 - 2 El 	OIL ...................(6.19) 
Where the second part of equations (6.18) and (6.9) represents 
the end moments that will develop at the joint due to the mid-
span deflection and end rotation caused by the application of 
the floor loads. 
Using Ewall = 11.7 KN/uim2 from the brick prism test, and 
assuming uncracked wall, a moment distribution of the frame 
165 
structure indicates that the rigid frame slab restraining 
moments are: 
I) MR = 1.268 KN.m. 
 1R = 2.537 KN.m. 
 R-R = 3.806 KN.m. 
 MR = 5.075 KN.m. 
 MR = 6.344 KN.m. 
(P = 3 KN/Point Load) 
(P = 6 11  11 it) 
(P = 9 If VP 	) 
(P = 12 It VP ) 
(P = 15 IT VI ) 
Having computed the rigid frame moment for one case of loading 
of the above, the remaining rigid frame moments were obtained 
as a multiple of the ratio of loading between these cases. 
6.3.5 	Total Moments: 
Total slab restraining moments are computed once again using 
both slab deflection and rotation data in a similar fashion 
as discussed in Section (6.2.5) by using equations (6.16), 
(6.18) and (6.17), (6.19) based on deflection and rotation 
data respectively. 
6.3.6 	Joint Rigidity: 
The joint fixity, which is a measure of the joint rigidity, is 
obtained by dividing the slab restraining moments due to floor 
loading by the corresponding rigid frame moment obtained by 
structural analysis. 
The joint fixities were computed together with the joint 
eccentricities(as defined by equation (4.26))and the slab 
restraining momencs and are presented in Tables (6.9) through 
(6.23). 	The percentage of joint fixity obtained by tests 
is shown in Figure (6.13). 	Theoretical and experimental 
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Computation of joint eccentricities from test data are 
obtained by dividing the test slab restraining moments due 
to floor loading by the sum of P and 	It should be 
pointed out that, in computing the joint eccentricities, E, 
from equation (4.26), a value of cc = 3.37 was used, which is 
based on the rigidity of the uncracked slab to the uncracked 
wall as defined by that equation. 
6.3.7 Wall deflections and rotations: 
Deflection of the exterior brick wall under various loading 
conditions up to the second floor level is given in Tables 
(B34) through (B45) and Figures (6.15) through (6.28) for 
test series (A) through (P) respectively. 	As may be seen 
from these figures, wall deflections are relatively small, 
and the floor slab sidesway increases with the increase of 
the floor slab loads. 
Rotation data of the upper and lower brick walls are presented 
in Tables (346) through (B57) for test series (A) through (P) 
respectively. 
Based on the data presented in the tables of the slab 
restraining moments, joint eccentricities and percentage of 
joint fixity, several observations may be made on the results 
of both the half scale and full size test structures. 
The magnitude of the floor live load does not have a 
significant effect on the degree of fixity obtained at the wall/ 
floor joint. 
Increasing the joint precompression rapidly increases the 
joint rigidity up to a maximum percentage of fixity, after which, 
even with increased precompression stresses (see Figures (6.1) 
and (6.13)), the degree of fixity remains almost constant 
(may decrease slightly due to downward slab deflection, 
depending on the magnitude of the structure sidesway). Thus, 
the maximum percentage of the joint fixity to be achieved at 
any joint does not depend only on the magnitude of the pre-
compression stress alone, but, on the type of joint stiffness 
ratio between the floor slab and the supporting wall, this is 
particularly true where the ratio of the floor/wall stiffness 
is small, when up to 94% fixity was obtained for the half 
scale structure. 	For the full size structure, where this 
ratio equals 3.37, the maximum joint fixity achieved was 
about 31% irrespective of the wall precompression, this 
indicates that the joint is nearer to the "hinged" support 
type due to the combination of a relatively stiff floor slab 
and a slender wall joint. 
A significant restraining moment can be developed at 
the slab ends provided the ratio of floor/wall flexural rigidity 
is less than a unity. 	Thus, the floor slab design should 
account for such negative moment. On the other hand, where 
this ratio is large, the slab restraining moment which could 
develop at the slab ends is generally low, even at very high 
precompression, and in such cases, the floor slabs should be 
designed for a simple support positive moments and allow for 
normal negative moment reinforcement. 
The development of joint rigidity is not linearly related 
to increase in wall precompression. 	A significant increase 
may occur due to initial application of the precompression and 
this increase becomes smaller as the wall precompression is 
increased. 
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For the half scale structure, the maximum difference 
in the average total moments between test series (D) where 
the floor load is 1.75 KN/m is around 13% less than those 
obtained in test series (F), this difference is about 15% 
for test series (E) and (G) where the floor live load is 
3.5 KN/m. 
For the full size structure, the maximum difference 
in the average total moments between test series (C) where 
the floor live load is 4.84 KN/m is around 30% smaller than 
those of test series (H) for a precompression value of 
0.514 N/mm2, this difference is less than 18% for all other 
precompression stresses and this particular high difference 
is not representative of the true average difference and 
can be neglected. 
For a live load of 12.11 1/m, the maximum difference in the 
average total moments between test series (F) and (L) is 
around 30% indicating that a significant difference in the 
restraining slab moments due to wall precompression (slab 
restraining moments due to floor loading are the same for 
both tests) may arise when the floor slab live loads 
are comparatively larger than the floor design loads. 	Since 
the floor slab in this particular structure has been loaded 
and unloaded repeatedly with relatively high loads, a 
permanent downward deflection and end rotation of the floor 
slab developed, thus, when applying the wall precompression 
rapidly, the magnitude of the floor upward midspan deflection 
and end rotation are greater than those of an undeflected one 
and hence, the restraining moments developed due to the wall 
precompression is larger than would noral1y be. 	This condition 
is not critical in actual structures since in practice, 
when a precast floor slab is placed in position, firstly, 
the design loads are normally not exceeded, and secondly, as 
the additional upper walls are constructed gradually, the 
tendency of a permanent large slab deflection will not occur 
under normal working loads. 
As a result of these observations, it may be stated that 
the order of application of the floor loads does not have a 
significant effect on the restraining moments developed at 
the wall/floor joint as to be catered for. 	Thus, for 
practical design of masonry brick walls, the history of 
loading is not significant. 	This means that the method of 
construction, either cast-in-situ, or precast floor construction, 
will not significantly affect the moments that will eventually 
be developed in the supporting walls. 	The method of floor 
construction must be considered in the design of the floor 
slab, since the midspan deflection and end rotation (and 
hence the positive bending moment) will be greater initially 
for the precast floor systems. 
6.4 	CONCLUSIONS 
From the previous remarks, the following is concluded: 
A significant restraining moment can be developed at a floor/wall 
joint if the ratio of the floor/wall stiffness is small (i.e. rigid 
wall, flexible slab joint) even at relatively low precompression 
stresses. 
Increasing the precompression stress increases the joint rigidity 
(although this relationship is not linear) up to a maximum value 
depending on the ratio of floor/wall stiffness, but where this ratio 
is large (stiff slab /flexible wall joint), increasing the pre-
compression stress increases the joint fixity by a marginal value, 
this means that in such cases, the joint is more likely to be a 
"hinged" joint rather than a 'fixed' one, and hence, the wall moments 
(and slab restraining moments) are generally smaller and will result 
in a small joint eccentricity. 
The magnitude of the floor live load (provided it will not 
exceed the design loads limit) does not have a significant effect on 
the degree of fixity obtained at a floor/wall joint, particularly at 
higher precompression stresses. 
Complete joint fixity was not obtained in tests (even at such 
high precompression stresses) for the half scale model although the 
ratio of the floor/wall stiffness was quite small and may require a 
smaller ratio of stiffnesses (stiffer wall, flexible slab) which 
would be uneconomical for practical cases. 
The sequence of loading does not significantly influence the slab 
restraining moments that can be developed (depending on the ratio of 
floor/wall stiffness) at the joints of a load bearing masonry structure. 
Thus, in design, it is not necessary to distinguish between different 
methods of floor construction, but, special consideration should be 
made in the design of the slabs for positive and/or negative bending 
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CHAPTER 7 - APPLICATION OF THEORY:- 
7.1 	INTRODUCTION: 
Conventional methods for the estimation of the bearing capacity 
of masonry walls subjected to eccentric loading are based on a theoretical 
model of a hinged ended, brittle column. 	Real walls in multi-storey 
buildings are, however, compressed between reinforced concrete slabs 
through joints which are capable of transmitting bending moments. 	The 
transmitted moments on the one hand influence the deflected form of 
the wall and, on the other, control the end rotation of the wall. 	It 
follows, therefore, that a satisfactory method for the design of masonry 
walls in compression must allow for interactive effects between walls 
and floor slabs. 
The major problems that arise in the design of masonry walls 
to resist compressive loading are, firstly, the determination of the 
structural eccentricity at wall/floor slab joints, and secondly, the 
reduction in the load bearing capacity resulting from structural 
eccentricity and wall slenderness. 	Existing design codes treat 
these problems independently but in an actual structure, they are not 
independent because of the interaction between walls and floor slabs. 
Thus, eccentricity depends on the ratio of stiffnesses of walls and 
floors and on the characteristics of the joint between them. 	The 
load bearing capacity of a wall panel is influenced by the same 
factors so that both problems have to be dealt with on the basis of 
assumption and analytical methods which are mutually consistent. 
The present chapter outlines the theory developed earlier and its 
applications in practical structures. 	Comparisons are made between 
the results of calculations based on these theories and on the existing 
Code of Practice BS 5628 to examine the design procedures and its 
applicability in practical structures. 
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7.2 	COMPARISON OF THEORY WITH BS 5628:1978 
There is little point in comparing the capacity reduction factors 
given in BS 5628(25) with those presented in Chapters (2) and (3) 
since the former must be related to the effective heights and 
eccentricities prescribed in the Code. 	In general, it will be found 
that the eccentricities calculated by the method given in Chapter (4) 
which, as demonstrated in Figures (7.1) and (7.2), agree well with 
measured values. 	The discrepancy between the experimental results 
and the Code eccentricities for different levels of precompression 
stress on a particular wall/floor slab joint is also indicated in 
these figures. 
In order to explore the practical implications of this situation, 
calculations have been carried out relating to an outer and inner 
wall of a hypothetical multi-storey building as shown in Figure (7.3). 
Eccentricities, capacity reduction factors and load bearing capacities 
for a practical masonry strength are shown in Tables (7.1 - 7.6) for 
two masonry thicknesses. 
Considering first the outer wall case, Tables (7.1) and (7.2) 
it will be seen that for the 215 mm thick wall the reduction factors, 
and thus the bearing capacities, according to the Code and the theory 
are approximately the same at and below the seventh floor from the top 
of the building. 	At the first six levels, the Code bearing capacities 
are considerably higher than the theoretical values. 	With clay brick- 
work of the strength selected for purposes of illustration, this is 
not of practical importance since the bearing capacity is everywhere 
far in excess of the design load. 	However, in the case of the cavity 
wall (Table 7.2) the theoretical eccentricity at the third level 
exceeds the failure eccentricity Cf = 0.45 as defined by equation (4.63) 
and therefore the wall section is unsatisfactory for the span and 
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215 mm. Solid Internal Wall 
Case (1 
102.5 ryn. Solid Int.Wall(Case2). 
Floors. (flne—.r labs) 
Thick:ness = 150 nm. 
ead Load = 4 KN/M2  
live Load = 2 
E = 21 KN/mrn2  
I = 2.8125 * 	!.( 
WALLS: 
Storey Height = 2.55 1. 
E = 11 KN/mm2  
Wall Weight = 14 KN/M3. 
charactertstic Strength of Brickwork, k = 	N/rn2. 
Partial Safety Factor, 	= 2.5 
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loading conditions specified. 	The Code bearing capacity is, however, 
much higher than the design load throughout. 
Two loading cases have been calculated for the internal walls. 
In the first, all floors have been assumed to be loaded to one side of 
the wall and in the second, all floors above the level under considera-
tion have been assumed loaded and the floor at this level loaded to 
one side of the wall only. 	The first case produces equal eccentricities 
of the same sign at the ends of the walls, whilst the second gives zero 
eccentricity at one end but with a slightly higher axial load. 	The 
results of these calculations are shown in Tables (7.3 - 7.6). 	The 
eccentricities in all cases are quite small, being taken as zero in 
the Code method. 
Both methods give the same result for the 215 mm wall but there 
are differences which could be significant in considering 102.5 turn 
walls. 	Thus, in Table (7.6) the theoretical method would indicate 
that the selected masonry type would be suitable for up to six storeys 
whereas the Code method would be suitable only to five storeys. 
In general, it may be concluded from these examples that for 
external walls the Code method under-estimates eccentricities and thus 
tends to over-estimate the bearing capacity of walls of given masonry 
strength in buildings of up to six storeys. 	The differences are less 
pronounced for internal walls and no significant differences are to be 
expected for 215 mm walls. 	For 102.5 mm walls, the Code method some- 
times over-estimates and sometimes under-estimates the bearing capacity 
as compared with the theoretical method. 	These differences would 
again be more pronounced in buildings of up to six storeys. In other 
words, the accurate estimation of eccentricity and related bearing 
capacity is of greatest importance in relatively low rise buildings with 
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slender walls. 	In such cases the load capacities indicated by the Code 
method may be significantly in error and further examination of this 
case would seem to be necessary. 
As a quick aid in practical design procedure, the eccentricities 
calculated for internal and external walls for various floor spans and 
for two wall thicknesses are shown in Figures (7.4) and (7.5). 
Eccentricities decrease down the height of the building from roof level 
and are quite small for internal walls for both wall thicknesses. 	For 
external walls, the eccentricities are much larger and decrease considerably 
with the number of floors. 	The eccentricities given by these figures 
cover a range of practical cases and could be used in design within the 
limits indicated. 	It should be noted, however, that to obtain accurate 
results, these eccentricities should be applied in conjunction with the 
reduction factors given In Chapters Two and Three for walls bent in 
double and single curvature respectively. 
7.3 DESIGN CALCULATIONS FOR A TYPICAL WALL: 
Consider design of a 280 mm outer cavity all for a six storey 
building assuming that the slab loads are entirely transmitted by the 
inner leaf (see Figure 7.6). 
Floor span: 	3.5 Metres 
Storey 	2.55 in., walls bent in double curvature at all storeys 
height: above ground floor. 	Ground floor wall bent in single 
curvature, 1/2 = 0.0 





























= 30.8 KN/m 
Wall Loads:2.55 x 0.103 x 14 x 1.4 
	
= 5.12 KN/m 
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Stiffness 	Walls: 	E = Ii 
Parameters: 
I = 2 x 1/12 x (0.1025) 	= 1.79 x o- m4  
Slabs: 	E = 21 K/ 2  
I = 1/12 x (0.15) 	 = 2.81 x o- m4  
= 2(EI) 	H 
(EI)w 	L 
- 2 x 21 x 2.81 x 10-4 	2.55/2 




ci = 	= 1.09 (Double curvature) 
K = 4.36 	(Single curvature) 
= 2.18 	(Single curvature) 
2 3  
Rigid Frame MR = iT 3 + c Moments: 
- 30.8 x 3.5  
- 	12 	4.09 
6.59 KN.m/m (For all Floors except First Floor) 
- 	30.8 x 3.5 	3 
= 5.20 KN.m/rc (First Floor) MR = 12 	5.18  
Slenderness 	S.R. = 	2.55 	 = 18.5 
Ratio: 	 2 x 0.103 x 0.67 
Eccentricity: 
MR . R. 
- - ci/icJ 
+ K) 
(The term with the square brackets is used when the precompression is 
less than 0.3 N/mm2, the average with and without this term adopted is 













1 	0.025 2.56* 17.96 0.14 1.14 1.275/2.345 0.16/0.21** 
2 	0.225 23.06 38.46 0.60 1.60 1.275 0.19 
3 	0.425 43.58 58.98 0.74 1.74 1.275 0.23 
4 	0.625 64.12 78.52 0.82 1.82 1.275 0.19 
5 	0.815 83.64 99.04 0.85 1.85 1.275/2.345 0.15/0.19** 
6 	1.015 104.16 119.56 0.87 1.87 1.85 0.087 
* 	Assumed parapet height = 1.2 metre 
** 	Transition from cracked to uncracked section - mean value adopted. 
Adopting masonry characteristic strength, fK  = 5.8 N/mm2, andm = 3.5: 
Level 
() E 
.f 	/'m Design Stress 
N/mm2 
0.18 0.48 0.87 1.44 0.18 
2 0.19 0.46 0.83 1.38 0.38 
3 0.23 0.44 0.72 1.19 0.58 
4 0.19 0.43 0.83 1.38 0.77 
5 0.17 0.41 0.89 1.47 0.97 
6 0.087 0.39 0.91 1.50 1.16 
The calculated eccentricity at each level is less than the failure 
eccentricity Cf. 	Comparison of the last two columns indicates that 
the selected masonry strength is adequate at all levels. 
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CHAPTER 8 - GENERAL CONCLUSIONS AND RECOMMENDATIONS FOR 
FUTURE WORK:- 
8.1 	CONCLUSIONS: 
The following conclusions have been reached as a result of the 
investigations presented in this thesis: 
The capacity reduction factors equations and consequently the 
wall bearing capacity equations presented in Chapters (2) and (3) were 
compared with test results and these comparisons showed good agreement 
between test and theory. 
A method is set out for calculating the eccentricity at wall/floor 
slab joints in brickwork masonry structures, taking into account the 
interaction between walls and floor slabs Is shown to give results in 
accordance with those obtained experimentally and could be applied in 
design. 
The solution presented In this thesis permits the calculation of 
the load bearing capacity of walls compressed between floor slabs. For 
convenience in practical design calculations, the results are presented 
in terms of capacity reduction factors which allow for slenderness and 
eccentricity and for the deflected shape of the wall. 	The latter is 
usually apparent from the loading pattern and geometry of the structure 
but may if necessary be found by structural analysis. 
Comparison with results for eccentricities and load bearing 
capacities calculated by the methods presented in this thesis and by 
the procedures given in BS 5628 show considerable difference in 
particular cases. 	For example it would appear that the eccentricity 
in a cavity wall can, under certain circumstances, be very much higher, 
and the load bearing capacity correspondingly lower, than it would 
appear from the Code. 	These cases can arise In low rise structures or 
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in the upper floors of high rise buildings. 	In walls more than about 
eight floors from the roof of a building, eccentricity is unlikely to be 
significant. 
It is considered that the solution presented in this thesis together 
with the determination of eccentricity allowing for wall/floor slab inter-
action results in a more accurate assessment of wall bearing capacity 
than conventional empirical procedures. 
The results of the test programme conducted on a half scale two-
storey, single bay frame and on a full scale three-storey, two bay 
structure are given and load eccentricities computed from the test data 
are compared with values obtained from the theory developed herein. 
As a result of the experimental work presented, the following conclusions 
are given: 
A significant restraining moment can be developed at a floor/wall 
joint if the ratio of the floor/wall stiffness is small even at 
relatively low precompression stresses. 
Increasing the precompression stress increases the joint rigidity 
(although this relationship is not linear) up to a maximum value 
depending on the ratio of floor/wall stiffness, but where this ratio is 
large, increasing the precompression stress increases the joint fixity 
by a marginal value. 
The magnitude of the floor live load does not have a significant 
effect on the degree of fixity obtained at a floor/wall joint, particularly 
at higher precompression stresses. 
(D) Complete joint fixity was not obtained in tests even at high pre-
compression stresses for the half scale model although the ratio of the 
floor/wall stiffness is quite small and may require a smaller ratio of 
stiffnesses which would be uneconomical for practical cases. 
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(E) The sequence of loading does not significantly influence the 
slab restraining moments that can be developed at the joints of a 
load bearing masonry structure. 	Thus, in design, it is not necessary 
to distinguish between different methods of floor construction, but, 
special consideration should be made in the design of the slabs for 
positive and/or negative bending moments that will develop depending 
on the ratio of the floor/wall stiffness. 
8.2 	RECOMMENDATIONS FOR FUTURE WORK: 
The work covered in this thesis provides comprehensive theoretical 
and experimental study on the compressive strength of brick masonry 
walls supporting one way or two way span systems and the joint 
eccentricities developed due to gravity loadings. 
It is recommended that, for future work, the following may be 
considered: 
The joint eccentricities due to gravity loading developed at 
wall/floor slab joints where the reinforced concrete slabs are stiffened 
by end beams. 
Confirmation of calculated joint eccentricities due to gravity 
loading at joints where reinforced concrete floor slabs are supported 
by cavity walls. 
Experimental confirmation of calculated eccentricities where floor 
slabs are supported on three or four sides. 
Eccentricities at wall/floor slab joints differing from those in 
the experimental structures tested in this programme, e.g. partially 
supported floor slabs. 
226 
REFERENCES:- 
Hilsdorf, H. K. 	 "Investigation into the failure mechanism 
of Brick Masonry loaded in axial compression" 
Designing, Engineering and Constructing with 
Masonry Products, Gulf Pub. Co., 1969, 
pp. 34-42 
Hailer, P. 	 "Load Capacity of Brick Masonry", 
Designing, Engineering and Constructing with 
Masonry Products, Gulf Pub. Co., 1969, 
pp. 129-150 
- 	 "Recommended Practice for Engineered Brick 
Masonry", Brick Institute of America, 
November 1969 
Kazinczy, G. V. 	 "Die Bemessumg Unvolikommen Eingespannter 
stahi "I" - Deckentrager unter Berucksichtigung 
Der Plastischen Formanderungen", lABS, Zurich, 
1933-34 
Nylander, H. 	 "Undersokning Au Barkraften Hos Murade Cement-
Stenvaggar", (Investigation of load-carrying 
capacity of Qement Block Masonry Walls). 
Betong, Hafte 3, Stockholm 1944 
Angervo, K. 	 "Uber die knickung und Tragfahig keit eines 
exzentrisch Gedruckten Pfeilers ohne Zugfestig 
keit. (On the Buckling and the Bearing Capacity 
of an eccentrically compressed pillar without 
tensile strength), Staatliche technische 
forschungsanstalt, Finland, Pub. 26, Helsinki 
1954. 
Chapman, J. C. 	 "The Elastic Buckling of Brittle Columns", 
and Slatford, J. Paper No. 6147, Proc. Inst. Civ. Engrs., 
vol. 6, January 1957. 
Monk, C. B. 	 "Column Action of Clay Masonry Walls", 
Designing, Engineering and Constructing with 
Masonry Products, Gulf Pub. Co. 1969, 
pp. 161-171 
Chen, W. F. and 	"Curvature and the Solution of Eccentrically 
Santathadaporn, S. Loaded Columns", Journal Eng. Mech. Divn., 
Paper 6382, Proc. ASCE, Feb. 1969. 
Hendry, A. W. 	 "Strength tests on Brick and Mortar under 
and Khoo, C. L. Complex Stresses for the Development of a 
Failure Criterium for Brickwork in Compression". 
Proceedings of the British Ceramic Society, 
No. 21, April, 1973. 
227 
11. Hendry, A. W. 	 "The Effect of Slenderness and Eccentricity 
and Hassan, S. S. 	on the Compressive Strength of Walls". 
Fourth International Brick Masonry Conference, 
Brugge, April, 1976. 
12. Fattal, S. G. and 
Gattaneo, L. E. 
Drysdale, R. G. and 
Sallom, Saad, E. A. 
and Karaluk, E. 
Yorkdale, A. H. and 
Allen, N. H. 
"Structural performance of Masonry Walls 
under Compression and Flexure". US Department 
of Commerce, June, 1976. 
"Compressive Strength of Slender Concrete 
Masonry Walls". 	National Bureau of Standards, 
Building Science Series 33, December, 1970 
"Strength of Load Bearing Masonry Walls". 
Journal of the Structural Division, Proc. 
A.C.S.E., May 1971. 
"Design of Masonry Walls and Columns for 
Combined Axial Load and Bending Moment". 
Proceedings First Canadian Masonry Symposium, 
E. L. Jessop, M. A. Ward, Editors, The Univer-
sity of Calgary, June, 1976. 
"Compressive Strength of Brick Walls with Load 
Eccentricities greater than one-third". 
Research Report No 18, B.I.A., February 1973. 
Yokel, F. Y. and 
Mathey, R. C. and 
Dikkers, R. D. 
Yokel, F. Y. and 
Dikkers, R. D. 
Sahlin, S. 	 "Structural Interaction of Walls and Floor 
Slabs", Bulletins of the Divn. of Building 
Statics and Structural Engineering at the 
Royal Institute of Technology, Stockholm, 
Sweden, 1959. 
Risager, S. 	 "Structural Behaviour of Linear Elastic Walls 
having no Tensile Strength". Designing, 
Engineering and Constructing with Masonry 
Products, Gulf Pub. Co., 1969, pp.  257-266. 
Colville, J. 	 "Simplified Design of Load Bearing Brick 
Masonry Walls", Proceedings of the British 
Ceramic Society, No. 27, Dec. 1978, pp. 217-233. 
Colville, J. 	 "Test of a Load Bearing Masonry Structure", 
Proceedings of the British Ceramic Society, 
No. 27, Dec. 1978, pp.  77-84. 
Sahlin, S. 	 "Structural Masonry", Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey, 1971. 
Timoshenko, S.P. 	"Mechanics of Materials", Van Nostrand 
and James M. Gere Reinhold Company, New York, N.Y. 1972 
Salvadori, M. and 	"Structural Design in Architecture", Prentice- 
Levy, M. 	 Hall, Inc., Englewood Cliffs, N.J. 1967 
228 
- 	 "ACI Standard 318-63", Building Code 
Requirements for Reinforced Concrete, 
June 1963. 
- 	 "B.S. 5628: Part 1, 1978, Code of Practice 
for Structural Use of Masonry, Part 1, 
Unreinforced Masonry", British Standards 
Inst., London, 1978. 
Sinha, B. P. and 	"An Investigation into the Behaviour of 
Hendry, A. W. 	 a Brick Cross-Wall Structure", Proceedings 
of the British Ceramic Society, No. 27, 
Dec. 1978, pp. 67-76. 
Al 
APPENDIX (A) 
A.I. 	Development of Basic Equations (Section 2.3) 
Equations (2.3 and 2.4 ) from Section(2.3.1)are given below 
e = 2U0S 0 - S/2H5) .............................(Al) 
H5  
CO = 4U0 0 - S/H3) ...............................(A2) 
H5  
Introducing the notation: 
= e/t ............................................(A3) 
= 	(H/2/t).w. ...................................... 	(A4) 
= (a/2/t).Ø ......................................(A5) 
Substituting Equation (A2) into Equation (A4) gives: 
= (H/2t).(4u0/E3) . ( I - s/He) ...................(A6) 
Substituting H3 = H/2 + S/2 we obtain: 
= 4UO 	0 - S/H) 	 . (A7) 
(1 + S/H)2 
Equation (0) corresponds to Equation (2. 8 ). 
Also substituting Equation (Al) into Equation (A3) gives: 
= 	2 U0S 	- 5/2H5) ...........................(A8) 
H5.t 
Substituting, H. = H/2 + S/2 into Equation (A8) we obtain: 
41J0  
t 	H 	(I + S/H)2 .......................(A9) 
Equation (A9) corresponds to Equation (2.9 ). 
Also, since: 
= Q + C 	....................................... 	(AlO) 
Substituting Equations (A7) and (A9) into Equation (AlO) gives: 
A2 
4U0 	0 - S/H) + 4U0 	S - 	
. (l+S/H)2 
...................................(All) 
t(l + S/H)2 
From which: 
UO 	
= . 0 + S/H)2 ...............................(Al2) 
T 4 
Dividing Equation (A9) by Equation (All) gives: 
4tJ 	S  
= 	- (I + s/H)2 	......................(A13) 
4U0  
t(i + S/H)2 
S Thus, 	= 	.....................................(A14) 
Equation (A14) corresponds to Equation (2.13) 
By following the same procedure outlined earlier, the basic 
equations for the case of walls bent in single curvature with zero 
eccentricity at one end can be developed, noting that:- 
H5 	= H + S/2 ..................... . ................ 	(Al5) 
= e/t ..........................................(A3) 
SI= 	(H/t). 	......................................(A16) 
And, 	=. (H/t).Ø .....................................(A17). 
A.2. 	Determination of the equivalent uniformly distributed loading:- 
A.2.1 Half scale model frame: 
The midspan bending moment due to point loads w1 is (22) 
= W1L (A18) 
3 




The equivalent bending moment due to W2; 
N2 = 	. ......................(A19)  
Equating N1 and N2 yields:- 	
M 
W2= ........................(A20) 31 	 w 
The equivalent bending moment due to U.D. 
load, q:  
2 
N = 3._ ......................(A21) 
8 





8 W 1  
q = 	. ....................(A22) 
L 	 Fig. (Al 
Thus, the equivalent U.D. Load is obtained from Equation (A22) 
for the half scale model frame. 
A.2.2. Full size structure: 
The midspan bending moment due to W I, 
with only one span loaded (23) 
N1 = W1L/6 ..................(A23) 
The midspan bending moment due to W2 is: 
N2 = 5W2L (A24) 
32 
7/ 2 
Equating equations (A23) and (A24) yields:  








= 	.. ................(A26) 
Equating Equations (A24) and (A26) and applying Equation (A25) 
gives: 
8 	W 
q = . I ....................(A27) 
L 
Equation (A27) gives the equivalent U.D.L. for the full size 
structure due to point loads applied at third points of the 
span (one span loaded only). 
A.3 	Determination of Experimental slab restraining moments: 
A.3.I 	Half scale model frame: 
A.3.1.I 	Based on midspan deflection:- 
For the beam shown in Figures (A.3), the midspan deflection of 
the beam (Figure a) due to floor loads application, P; 
= 23PL 3/648E1 ..................(A28) 
The equivalent bending moment, M0, that would induce the same 
midspan deflection A (Fig. b) 
N0 = 8E/L2 ....................(A29) 
From which; 
= ML2/8E1 ...................(A3o) 
Equating Equations (A28) and (A30) gives: 
N0 = 23PL/81 = 0.284 PL .........(A31) 
The net slab restraining moment, MA, developed due to midspan 
deflection, may be written as (see Figures b and c) 
MA = N -M ....................(A32) 
Where, MR is the joint restraining moment developed due to the 
slab end restraint, whence; 
MA = 0.284PL - 8EIA/L2 ............(A33) 
Equation (A33) corresponds to Equation (6.10). 
A5 
The slab restraining moments induced due to the application of 
wall precompression at both ends is: 
= 8EI/L 2 ........................(A34) 
Equation (A34) corresponds to Equation (6.8). 
A.3.1.2 	Based on end rotation: 
The floor slab end rotation may be given (20) as: 
Due to floor loads application, P: 
0end = PL2 /9E1 .....................(A35) 
And due to the application of the equivalent moment, M, 
eend = N o  L/2E1 .....................(A36) 
Equating Equations (A35) and (A36) we obtain: 
= 2PL/9 .........................(A37) 
Thus, the net slab restraining moment, M9, based on end 
rotation of the floor slab becomes: 
N0 = 2PL/9 - 2E1 0/L ...............(A38) 
Equation (A38) corresponds to Equation (6.11). 
The slab restraining moment due to the application of wall 
precompression at both ends is equal to: 
N0 = 2E1 OIL .......................(A39) 
Equation (A39) corresponds to Equation (6.9). 
A.3.2 	Full size test structure 
A.3.2.1 	Based on midspan deflection:- 
Consider Figure (A4), from which Part (AB) of the continuous 
beam is assumed equivalent to the beam shown in (b). 	Thus, 
the midspan deflection due to floor loads equals: 
= 23PL3/648E1 - (PL/6).L2 (A40) 
Thus: 
= 65PL3/2592E1 .................(A41) 
- 	- - - _I-- -Z 
Gend 
	
N 	 N 
0 0 
.b.  - - - - - - 	- - - - — 
Ge rid 
Sc. 	 ----- - 
L 
Fig. (A.3) 
A 	 C  
)t=16 EI'L2 = 3 EIG/L 
_ B  - ___ - - -- - - - -- 
XB-PL/6  
N0 	 N0 , 
8 EIA/L2 = 2 EI/L 
L 
_ 	 FIG.(A.4) 
A6 
The equal midspan deflection that would 
be induced due to the end moments, 
is (Fig c) 
Ac1 = M0LZ/8E1 ............ (A42) 
Equating Equations (A41) and (A42) gives: 
Mo = 0.20 FL ..............(A43) 
Thus, the net slab restraining moment, MA, 
is (Figs c and d): 
MA = 0.20 FL - 8EIA/L2 .... (A44) 
Equation (A44) corresponds to Equation (6.18 ). 
The slab restraining moment, MA,  due to the application of 
the wall precompression (one wall precoinpressed only): 
MA = 	16 EIA/L 2 .............(A45) 
Equation (A45) corresponds to 
Equation (6.16 ). 
A.3.2.2 	Based on end rotation: 
The slab end rotation is given as: 
0end = PL2/9E1 - (PL/6).L/6E1 ...................(A46) 
Thus; 
0end = PL2/12E1 .................................(A47) 
The equivalent bending moment, M0, that would induce the 
equal end rotation is: 
M0 = 2E1 OIL .................................... (A48) 
From which; 
Oend = M0L/2E1 ..................................(A49) 
A7 
Equating equations (A47) and (A49) gives: 
Mo = PL/6 .......................................(A50) 
And the net slab restraining moment, MO, becomes: 
= PL/6 - 2E10/L ............................(A51) 
Equation (A51) corresponds to Equation ( 6.19). 
The slab restraining moment due to the application of wall 
precompression to the outer wall only Is: 
= 3E10/L ..................................(A52) 
Equation (A52) corresponds to Equation (6.17 ). 
APPENDIX (B) - TEST RESULTS 
Ou 
Table (31)— Test Series (C)— Half Scale Xodel. 
Slab Load 
(KN) 
Lower Slab Deflection 
(mm) 
* 
Lower Slab Rotation 
x 10...3 	(Radians)** 
1.0 + 	1.03 - 	1q35 
1.5 + 1.51 - 1.90 
2.0 + 	2.03 - 	2.70 
2.5 + 2.60 - 3.50 
3.0 + 	3.19 - 	4.15 
3.5 + 3.34 - 4.35 
4.0 + 	3.67 - 	4.65 
* Positive Sign " Downward Deflection " 
** Negative Sign " Clockwise Rotation " 
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000 0.0 00 0.0 000 0.0 0.0 000 
1.5 00 - 2.05 + 	1356 00 0.0 - 2.05 + 1.56 
15 10.0 - 1.40 + 1328 + 0.65 - 028 - 1046* + 1.29 
1.5 200 - 1.05 + 	1.12 + 1.00 - 0.44 - 101 + 1.06 
1.5 30.0 - 0.92 + 1.01 + 	1.13 - 0.55 - 093 + 091 
1.5 40.0 - 0.84 + 096 + 1.21 - 0.60 - 0.84 + 0.85 
1.5 50.0 - 0.82 + 0.92 + 1.23 - 0.64 - 0.76 + 0.81 
1.5 60.0 - 0.78 + 0.90 + 1.27 - 0.66 - 0.70 + 0.78 
1.5 70.0 - 0.78 + 092 + 1.27 - 0.64 - 0.64 + 0.75 
1.5 80.0 - 0.84 + 0.92 + 	1.21 - 0.64 - 0.62 + 0.73 
* From test series (D). 




















e ILI, 8 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.0 0.0 
-
4-10 + 3.24 0.0 0.0 - 4.10 + 3.2 
3.0 10.0 - 3.30 + 2.81 + 0.80 - 0.43 - 3.07 + 2.64 
3.0 200 - 2.95 + 2.62 + 	1.15 - 0.62 - 	2o31 + 2.03 
3.0 30.0 - 2.70 + 2.48 + 1.40 - 076 - 1.89 + 	1.81 
3.0 40.0 - 2.60 + 2.42 + 	1.0 - 0.82 - 	1.54 + 1.67 
3.0 50.0 - 260 + 2.41 + 1.50 - 0.83 - 1.46 + 1.60 
3.0 60.0 - 2.50 + 2.39 + 1960 - 0.85 - 1.39 + 	1.53 
3.0 700 - 2.50 + 2.38 + 1.60 - 0.86 - 	1q34 + 1.59 
30 80.0 - 2.60 + 2.39 + 1.50 - 0.85 - 1.29 + 	1.65 
* From test series (E) 
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ALL ROTATIONS " 
an 
Table (E17)- all Rotations- Test Series (A), (B) & (C). 
Half Scale Model 
Test Series 	(a.) Test Series 	(B) Test Series 	(C) 
Upper Rotation Active Rot, of Lower Rot.of Rot.of 
Slab of Upper Wall Upper Slab Lower Upper 
Load Wall Precom Wall Load Wall Wall 
(KN) G
4 
 X10-3 (KN) 04x10 3  (KN) 86x' 
0-3 e5x10 3  
0.0 0.0 10.0 - 0.68 0.0 0.0 0.0 
1.0 - 0.28 20.0 - 0.39 1.0 - 0.12 + 0.28 
1.5 - 0.48 030.0 - 0.005 1.5 - 0.185 + 0.365 
2.0 - 0.78 40.0 + 0.35 2.0 - 0,25 + 0.445 
2.5 - 1.00 50.0 + 0.72 2.5 - 0.295 + 0.580 
3.0 - 1.20 60.0 + 0.98 3.0 - 0.46 + 0.65 
3.5 - 1.42 70.0 + 1.24 3.5 - 0.535 + 0.72 
4.0 - 1.64 80.0 + 1.55 4.0 - 059 + 0.81 
B17 
Table (318)- Wall Rotations- Test Series (D) & (E). 
Half Scale Kodel 
Slab Active 
Load Wall Test Series  ______ 
Rot.of Rot,of Due to Precornp. Due to F.Load -. Prec. Upper Lower 
0 0 lower 0 G lower 
(KN) (KN) Wall 3  Wall 3 ê5x10 06x10 upper upper 
0.0 10.0 - 0.88 + 1.20 - 0.88 + 1.20 
1.5 = - 0.53 + 0.72 -- ---- 0.35 - 0.48 
0.0 20.0 - 1.21 + 1.0 - 1.21 + 1.50 
1.5 = - 0.98 + 1.15 -- ---- . 0.23 - 0.35 
0.0 30.0 - 1.42 + 1.60 - 1.42 + 1.60 
1.5 = - 1.20 + 1.32 --- ---- - 0.22 - 0.29 
0.0 40.0 - 1.48 + 1.60 - 1.48 + 1.60 
1.5 = - 1.28 + 1.39 -- ---- + 0.20 - 0.21 
0.0 50.0 - 1.45 + 1.53 - 1.45 + 1.53 
1.5 = - 1.30 + 1.33 ---- --- + 0.15 - 0.20 
0.0 60.0 - 1.46 + 1.48 - 1.46 + 1.48 
1.5 = - 1.30 + 1.28 --- 
--- 
+ 0.16 - 0.20 
0.0 70.0 - 1.45 + 1.40 - 1.45 + 1.40 
1.5 = - 1.28 + 1.24 --- ---- + 0.17 - 0.16 
0.0 80.0 - 1.47 + 1.39 - 1.47 + 1.39 -- 
1.5 = - 1.32 + 1.20 --- ---- + 0.15 - 0.19 
Test Series  
0.0 10.0 - 0.85 + 1.39 - 0.85 + 1.39 ---- 1 -- 
3.,0 = - 0.29 + 0.44 ----- -- + 0.56 - 0.95 
0.0 20.0 - 1.23 + 1.75 - 1.2 + 1.75 ---- -- 
3.0 = - 0.76 + 1.12 -- ---- + 0.47 - 0.63 
0.0 30.0 - 1.39 + 1.80 - 1.39 + 1.80 
3.0 = - 1.00 + 1.32 --- ---- + 0.9 - 0.48 












- 1.41 + 
---- 
1.75 
+ 0.34 - 0.44 
3.0 = - 	1.10 + 1.36 -- ---- + 0.31 ,- 0.39 
0.0 60.0 - 1.41 + 1.72 - 1.41 + 1.72 
3.0 = - 	1.12 + --- ---- + 0.29 - 0.39 
0.0 70.0 - 1.39 + 1.70 - 1.39 + 1.70 
3,0 = - 	1.10 + 1.37 1 -- ---- + 0.29 - 0.33 
0.0 80.0 - 1.39 + 1.68 - 1.39 + 1.68 
3.0 = H 110 + 1.33 -- ---- + 0.29 - 0.35 
Table (B19)- Wall Rotations- Test Series (F) & (G). 
Half Scale Model 
Slab Activ Test Series 	(F) 
Load Wall - 
Prec. Rot.of Due to Prec. Due to F.Lcad Upper Lower 
(RN) (1(N) Wall Wall e & o ê5x10 06x10 upper lower upper lower 
15 000 + 0.38 - 0.53 --- --- + 0.38 - 053 
= 100 - 090 + 082 - 1q28 + 1q35 + 0.35 - 0.48 
= 200 - 1.23 + 1.02 - 161 + 1.55 + 023 - 0.35 
= 30.0 - 1.44 + 087 - 	1,.82 + 1.40 + 0.22 - 0.28 
= 40.0 - 1.50 + 097 - 1.88 + 1.50 + 0.20 - 0.21 
= 50.0 - 1q47 + 1.00 - 1.85 + 1.53 + 0.15 - 0.20 
= 60.0 - 1q48 + 1.03 - 1.86 + 1.56 + 0.16 - 020 
= 70.0 - 1.47 + 0.95 - 1.85 + 1.48 + 0.17 - 0.16 
= 800 - 1.47 + 0.87 - 1.85 + 1.40 + 015 - 0.19 
Test Series 	(G) 
3.0 00 + 0.70 - 1.10 --- - + 0.70 - 1.10 
= 10.0 - 0.66 + 012 - 1.36 + 122 + 056 - 0.95 
= 20.0 - 0.82 + 0.36 - 152 + 1.46 + 0.47 - 063 
= 30.0 - 1.00 + 0.25 - 1.70 + 1.35 + 0.39 - 048 
= 40.0 - 1.04 + 0.25 - 1q74 + 1.35 + 0.34 - 044 
= 50.0 - 1.03 + 028 - 1.73 + 1.38 + 0.31 - 0.39 
= 60.0 - 1.08 + 030 - 1.78 + 1.40 + 0.29 - 0.39 
= 70.0 - 1.08 + 0.34 - 1.78 + 1.44 + 0.29 - 033 
= 80.0 - 1.05 + 0.40 - 1.75 + 1.50 + 0.29 - 0.35 
OR 
tc Co LLTh C\ Co Co O\ - 0 
-H 	I i N- O 0 O\ 0 0 
4-)(Dcd 000000 000  
Co r-I 00000i0i1 
Oc 




H 	I 0 LC\ 0 0 ('4 - ('4 
.4.3 0 	•i-I • • • S • • • • 
0 	Lr\ 
+ I I I I I I I 
a) -S 
(2) 0) C'.j Co LC\ lf\ LC\ 1 N- - Co 
-H 0 0 N- - - "C ('4 - C'4 - 
.4 r 	I S S • • S S • 
Q -P0.r 0rC'4C"4C''000 
i) aj 	- 
4) 0 	'- I I I I I I I + + 









-H 	Q' 000000000 
.4.) 0) 	Z • • • • • • 
C) 000000000 
- ('4 i Um O N- Co 
-S 
02 OLC\ 
o C'4 0 O o - Lr\ 1 




o tN tr 0 CD 1.0 CD n Co 
-H 	I Cd 0 (N  . 4..3 0 	i-I • ' 
z c-- ' 4) 
tf\IX 
a) + I I I I I I I I 
-H 
a) Lr 
a) 0 t\ N- - LLTh LC\ 0 0 0 N\ teN 
CO .rlI 0Co(N(N0i'.D0 .4.) 	0 	•H • • • • • 4.) CO - d 0-(N (N (N - -- 00 
a) -p Cd 
0) 0 	•- 
El + I I I I I I I 
a) 
• 5 • • • • • • 
H 	0 i -
a) 
- 	()--. 000000000 S • S • S 
C) 000000000 
N-  ('4 '.0 CC) 
B20 
Table (B21)- Wall Rotations- Test Series (K). 






















G6 x10 3  
(Radian) 
0.0 3.0 - 0.08 + 0.035 - 0.43 
1 6.72 3.0 - 1928 + 0.035 - 0.29 
2 13.44 3.0 - 1.80 - 0.26 - 0.036 
3 20.16 3.0 - 2.1 - 0.50 + 0.16 
4 26.88 3.0 - 2.25 - 0.74 + 0.50 
5 33.60 3.0 - 2.65 - 0.91 + 0.70 
6 40.32 3.0 - 2.65 - 1.00 + 0.80 
7 47.04 3.0 - 1.44 - 1.08 + 0.88 
8 53.76 3.0 - 0.72 - 	1.12 + 0.88 
9 60.48 3.0 - 0.15 - 1.16 + 0.90 
10 67.20 3.0 + 0.12 - 	1.18 + 0.94 
11 73.92 3.0 + 0.40 - 1.18 + 0.92 
12 80.64 3.0 + 0.60 - 1.20 + 0.96 
13 87.36 3.0 + 0.80 - 	1.21 + 0.95 
14 94.08 3.0 + 1.05 - 1.22 + 0.95 
B2 I 
Table (B22) - Slab Deflections and Rotations - Test Series (B) 
















(mm) Precomp. F.Load Precomp. F.Load 
o 0 - 	.108 + 	.67 :- 
0 20 + .10 + .55 + 	.208 --- - 	.12 
3 20 - 	.47 +1.13 - 	•57 --- + 	.58 
0 40 + .16 + 	.52 + 	.268 --- - 	.15 
3 40 - .40 +1.09 --- - 	.56 --- + 	.57 
0 60 + 	.30 + 	.45 + 	.408 --- - 	.22 
3 60 - .25 +1.00 --- - 	.55 --- + 	.55 
0 80 + 	.40 + 	.40 + .508 --- - 	.27 
3 80 - .14 + .94 --- - .54 --- + 	•54 
0 100 + 	.42 + 	.39 + 	.528 --- - .28 
3 100 - .10 + .93 --- - 	.52 --- + 	54 
0 120 + 	.48 + 	.35 + 	.588 --- - 	.32 
3 120 - .04 + .88 --- - 	.52 --- + 	.53 
0 140 + 	.50 + 	.34 + 	.608 --- - 	.33 
3 140 - .00 + .86 --- - 	.50 --- + 	.52 
0 160 + 	.50 + 	.33 + 	.608 --- - .34 
3 160 + .02 + .86 --- - .48 --- + 	.53 
o 180 + 	.55 + 	.32 + 	.658 --- - 	.35 
3 180 + .07 + .85 --- - .48 --- + 	.53 
0 200 + 	.55 + 	.32 + .658 --- - 	.35 
3 200 + .07 + .85 --- - .48 --- + 	.53 
0 220 + 	.54 + 	.32 + 	.648 --- - 	.35 
3 220 + .06 + .85 --- - 	.48 --- + 	.53 
0 240 + 	.55 + 	.31 + 	.658 --- - 	.36 
3 240 + .05 + .84 --- - 	.50 --- + 	.53 
B22 
Table (323) - Slab Deflections and Rotations - Test Series (C) 
















(mm) Precornp. F.Load Precoinp. F.Load 
o 0 -.095 + 	.63 --- 
0 20 + 	.080 + .52 + 	.175 ---  
6 20 -1.06 +1.69 --- -1.140 
--- +1.17 
0 40 + 	.177 + 	.47 + 	.272 --- - 	.16 
6 40 - .97 +1.62 --- -1.147 --- +1.15 
0 60 + 	.255 + 	.41 + 	.35 --- - .22 
6 60 - .860 +1.55 --- -1.115 --- +1.14 
0 80 + 	.320 + 	.36 + 	.415 --- - 	.27 
6 80 - .790 +1.50 --- -1.110 --- +1.14 
0 100 + 	.345 + 	.34 + 	.44 --- - 	.29 
6 100 - .780 +1.47 --- -1.125 --- +1.13 
0 120 + 	.358 + 	.31 + 	.453 --- - 	.32 
6 120 - .750 +1.44 --- -1.108 --- +1.13 
0 140 + 	.377 + 	.30 + 	.472 --- - 	.33 
6 140 - .74 +1.43 --- -1.117 --- +1.13 
0 160 + 	.390 + 	.29 + 	.485 --- - .34 
6 160 - .710 +1.43 --- -1.10 --- +1.14 
0 180 + 	.404 + 	.29 + 	.499 --- - .34 
6 180 - .675 +1.42 --- -1.079 --- +1.13 
0 200 + 	.428 + 	.28 + 	.523 --- - 	.35 
6 200 - .655 +1.41 --- -1.083 --- +1.13 
0 220 + 	.435 + 	.28 + 	.530 --- - .35 
6 220 - .645 +1.41 --- -1.080 --- +1.13 
0 240 + 	.455 + 	.28 + 	.55 --- - 	.35 
6 240 - .600 +1.41 --- -1.055 --- +1.13 
B23 
Table (32 	- Slab Deflections and Rotations - Test Series (D) 
















(mm) Precomp. F.Load Precomp.FF.Load 
o 0 -.087 +.63 --- 
0 20 + 	.065 + 	.51 + 	.152 --- - 	.12 
9 20 -1.60 +2.27 --- -1.665 --- +1.76 
0 40 + 	.160 + .48 + 	.247 --- - 	.15 
9 40 -1.55 +2.22 --- -1.710 --- +1.74 
0 60 + 	.225 + 	.40 + 	.312 --- - .23 
9 60 -1.45 +2.13 --- -1.675 --- +1.73 
0 80 + 	.265 + 	.36 + 	.352 --- - 	.27 
9 80 -1.41 +2.07 --- -1.675 --- +1.71 
0 100 -4- 	.320 + 	.35 + 	.407 --- - .28 
9 100 -1.35 +2.06 --- -1.670 --- +1.71 
0 120 + 	.345 + .30 + 	.432 --- - .33 
9 120 -1.35 +2.02 --- -1.695 
--- +1.72 
o 140 + 	.362 + 	.29 + 	.449 --- - .34 
9 140 -1.35 +2.00 --- -1.712 --- +1.71 
0 160 + .400 + 	.29 + 	.487 --- - 	.34 
9 160 - 	1.30 +1.99 --- -1.700 --- +1.70 
0 180 + .405 + 	.28 + 	.492 --- - 	.35 
9 180 -1.25 +1.96 --- -1.655 --- +1.68 
0 200 + 	.410 + 	.28 + 	.497 --- - 	.35 
9 200 - 1.25 + 1.95 --- -1.660 --- +1.67 
0 220 + 	.415 + 	.28 + 	.502 --- - .35 
9 220 -1.20 +1.95 --- -1.615 --- +1.67 
0 240 + 	.426 + 	.27 + 	.513 --- - .36 
9 240 -1.20 +1.95 --- -1.626 --- +1.68 
B24 
Table (B25) - Slab Deflections and Rotations - Test Series (E) 

















(mm) Precomp. F.Load Precomp. F.Load 
o 0 - 	.276 + 	.73 --- 
o 20 + .085 + .49 + 	.361 --- - 	.24 
12 20 -2.20 +2.88 --- -2.285 --- +2.39 
0 40 + 	.158 + 	.45 + 	.434 --- - .28 
12 40 -2.15 +2.79 --- -2.308 --- +2.34 
0 60 + 	.240 + 	.41 + 	.516 --- - 	.32 
12 60 -2.00 +2.72 --- -2.240 --- +2.31 
0 80 + 	.290 + 	.39 + 	.566 --- - 	.34 
12 80 -1.90 +2.69 --- -2.190 --- +2.30 
0 100 + 	.34 + 	.36 + 	.616 --- - 	.37 
12 100 -1.80 +2.65 --- -2.140 --- +2.29 
0 120 + 	.345 + 	.33 + 	.621 --- - 	.40 
12 120 -1.80 +2.62 --- -2.145 --- +2.29 
0 140 + .350 + 	.31 + 	.626 --- - 	.42 
12 140 -1.85 +2.61 --- -2.200 --- +2.30 
0 160 + 	.375 + 	.30 + 	.651 --- - 	.43 
12 160 -1.75 +2.57 --- -2.125 --- +2.27 
0 180 + 	.395 + 	.29 + 	.671 --- - .44 
12 180 -1.70 +2.54 --- -2.095 --- +2.25 
0 200 + 	.400 + 	.29 + 	.676 --- - .44 
12 200 -1.70 +2.53 --- -2.100 --- +2.24 
0 220 + 	.410 + 	.29 + 	.686 --- - .44 
12 220 -1.70 +2.52 --- -2.110 --- +2.23 
0 240 + 	.424 + 	.29 + 	.70 --- - 	.44 
12 240 -1.65 +2.52 --- -2.074 --- +2.23 
B25 
Table (326) - Slab Deflections and Rotations - Test Series (F) 

















(mm) Precomp. F.Load Precomp. F.Load 
o 0 -.22 +.70 --- 
o 20 + 	.11 + 	.49 + 	.330 --- - 	.21 
15 20 -2.75 +3.48 --- -2.860 --- +2.99 
0 40 + 	.202 + 	.45 + 	.422 --- - .25 
15 40 -2.60 +3.37 --- -2.802 --- +2.92 
0 60 + 	.250 + 	.41 + 	.470 --- - 	.29 
15 60 -2.55 +3.28 --- -2.800 --- +2.87 
0 80 + 	.304 + 	.39 + 	.524 --- - 	.31 
15 80 -2.45 +3.22 --- -2.754 --- +2.83 
0 100 + .342 + 	.37 + 	.562 --- - .33 
15 100 -2.35 +3.17 --- -2.692 --- +2.80 
0 120 + 	.370 + 	.34 + 	.590 --- - 	.36 
15 120 -2.30 +3.14 --- -2.670 --- +2.80 
0 140 + 	.38 + 	.32 + .600 --- - 	.38 
15 140 -2.30 +3.11 --- -2.680 --- +2.79 
0 160 + .402 + 	.31 + 	.622 --- - 	.39 
15 160 -2.30 +3.10 --- -2.702 --- +2.79 
0 180 + 	.420 + 	.30 + .640 --- - 	.40 
15 180 -2.25 +3.10 --- -2.670 --- +2.80 
0 200 + 	.425 + 	.30 + 	.645 --- - .40 
15 200 -2.20 +3.10 --- -2.625 --- +2.80 
0 220 + 	.435 + 	.30 + 	.655 --- - .40 
15 220 -2.20 +3.09 --- -2.635 --- +2.79 
0 240 + 	.453 + 	.29 + 	.673 --- - 	.41 
15 240 -2.20 +3.07 --- -2.653 --- +2.78 
B26 
Table (B27) - Slab Deflections and Rotations - Test Series (G) 

















(mm) Precomp. F.Load Precomp. Ap 
F.Load 
AF 
0 0 + 	.152 + 	.57 --- 
3 0 - .455 +1.19 --- - .607 --- + 	.62 
3 20 - .272 +1.06 + 	.183 - 	.570 - 	.13 + 	.58 
3 40 - 	.056 + .95 + .399 - .56 - .24 + 	.57 
3 60 + .007 + 	.91 + 	.462 - 	.55 - .28 + 	.55 
3 80 + 	.035 + 	.89 + 	.490 - 	.54 - .30 + 	.54 
3 100 + 	.078 + 	.87 + 	.533 - 	.52 - 	.32 
+ 	.54 
3 120 + 	.108 + 	.85 + 	.563 - 	.52 - 	.34 + 	.53 
3 140 + 	.125 + 	.83 + 	.580 - 	.50 - 	.36 + 	.52 
3 160 + 	.140 + 	.82 + 	.595 - 	.48 - 	.37 + 	.53 
3 180 + 	.153 + 	.82 + 	.608 - .48 - 	.37 + 	.53 
3 200 + 	.170 + 	.81 + 	.625 - 	48 - .38 + 	.53 
3 220 + 	.175 + 	.81 + 	.630 - 	.48 - .38 + 	.53 
3 240 + 	.182 + 	.80 + 	.637 - .50 - .39 + 	.53 
B27 
Table (B28) - Slab Deflections and Rotations - Test Series (H) 

















(tmn) Preconip. F.Load Precomp. F.Load 
0 0 +51 +.59 --- 
6 0 - .645 +1.83 --- -1.155 --- +1.24 
6 20 - .48 +1.71 + 	.165 -1.140 - 	.12 +1.17 
6 40 - 	.245 +1.58 + .40 -1.147 - .25 +1.15 
6 60 - .175 +1.56 + 	.470 -1.115 - 	.27 +1.14 
6 80 - 	.100 +1.51 + .545 -1.110 - .32 +1.14 
6 100 - .065 +1.49 +.580 -1.125 - .34 +1.13 
6 120 - .038 +1.47 + 	.607 -1.108 - 	.36 +1.13 
6 140 - 	.012 +1.45 + .633 -1.117 - .38 +1.13 
6 160 + .0C3 +1.43 + 	.653 -1.10 - .40 +1.14 
6 180 + .023 +1.43 + .668 -1.079 - .40 +1.13 
6 200 + .030 +1.42 + 	.675 -1.083 - 	.41 +1.13 
6 220 + 	.050 +1.42 + .695 -1.080 - .41 +1.13 
6 240 + .060 +1.40 + 	.705 -1.055 - .43 +1.13 
B28 
Table ( B29) - Slab Deflections and Rotations - Test Series (J) 

























0 0 +.86 +.52 --- 
9 0 - 	.91 +2.34 --- -1.770 --- +1.82 
9 20 - .59 +2.12 + 	.32 -1.665 - 	.22 +1.76 
9 40 - 	.462 +2.06 + .448 -1.710 - .28 +1.74 
9 60 - .37 +2.02 + 	.540 -1.675 - 	.32 +1.73 
9 80 - 	.265 +1.95 + .645 -1.675 - .39 +1.71 
9 100 - .232 +1.93 + 	.678 -1.670 - 	.41 +1.71 
9 120 - 	.182 +1.91 + .728 -1.695 - .43 +1.72 
9 140 - .165 +1.90 + 	.745 -1.712 - .44 +1.71 
9 160 - 	.160 +1.89 + .750 -1.700 - 	.45 +1.70 
9 180 - .130 +1.86 + 	.780 -1.655 - .48 +1.68 
9 200 - 	.108 +1.85 + .802 -1.660 - 	.49 +1.67 
9 220 - .10 +1.85 + 	.810 -1.615 - .49 +1.67 
9 240 - 	.09 +1.85 + .82 -1.626 - .49 +1.68 
B29 
Table (B30) - Slab Deflections and Rotations - Test Series (K) 
















(trim) Precomp. F.Load Precomp. F.Load 
0 0 +1.15 + .43 --- 
12 0 -1.20 +2.89 --- -2.35 
--- +2.46 
12 20 - .86 +2.66 + 	.340 -2.285 - 	.23 +2.39 
12 40 	- - .66 +2.54 + .540 -2.308 - .35 +2.34 
12 60 - 	.55 +2.51 + .650 -2.240 - .38 +2.31 
12 80 - .45 +2.47 + 	.750 -2.190 - .42 +2.30 
12 100 - 	.415 +2.42 + .785 -2.140 - .47 +2.29 
12 120 - .350 +2.39 + 	.850 -2.145 - .50 +2.29 
12 140 - .325 +2.38 + .875 -2.200 - 	.51 +2.30 
12 160 - .260 +2.36 + 	.940 -2.125 - .53 +2.27 
12 180 - 	.250 +2.34 + .950 -2.095 - .55 +2.25 
12 200 - .235 +2.33 + 	.965 -2.100 - 	.56 +2.24 
12 220 - .225 +2.32 + .975 -2.110 - .57 +2.23 
12 240 - .220 +2.32 + 	.980 -2.074 - 	.57 +2.23 
*D1 
Table (330 - Slab Deflections and Rotations - Test Series (L) 

























0 0 +1.55 + 	.27 --- 
15 0 -1.51 +3.42 --- -3.06 --- +3.15 
15 20 -1.05 +3.13 + 	.460 -2.86 - 	.29 +2.99 
15 40 - .925 +3.05 + .585 -2.802 - .37 +2.92 
15 60 - .770 +2.96 + 	.740 -2.800 - 	.46 +2.87 
15 80 - .645 +2.89 + .865 -2.754 - .53 +2.83 
15 100 - .620 +2.88 + 	.890 -2.692 - 	.54 +2.80 
15 120 - .560 +2.85 + .950 -2.670 - .57 +2.80 
15 140 - .500 +2,82 +1.01 -2.680 - 	.60 +2.79 
15 160 - .477 +2.81 +1.033 -2.702 - .61 +2.79 
15 180 - .455 +2.80 +1.055 -2.670 - 	.62 +2.80 
15 200 - .425 +2.80 +1.085 -2.625 - .62 +2.80 
15 220 - .400 +2.79 +1.110 -2.635 - 	.63 +2.79 
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Table (B32) - Slab Deflections and Rotations - Test Series (M N, P) 
Full Size Structure 
TEST SERIES (N) 
Slab Active I 	Slab Slab Slab Rotation I 	Slab Deflection 
load I Precomp Rotation Deflec- [ due to: due to: 
Prec. F.Load I 	Prec. F.Load (KN) (1(N) *1 -3 tion 
(mm) I I I 
TEST SERIES (N) 
TEST SERIES (P) 
B32 
Table (333) - Slab Deflections and Rotations - Test Series (R) 











* 	10-3  
Rotation  




0 0 + 	.53 -.243 0 0 
600 0 + 	.05 + 	.480 - .48 + 	.723 
600 3 + .47 + 	.120 + 	.42 - .360 
600 6 + 	.96 - 	.31 + 	.91 - 	.790 
600 9 + 	1.47 - .80 +1.42 -1.28 
600 12 + 	1.94 -1.45 +1.89 -1.93 
600 15 + 2.46 -1.80 +2.41 -2.28 
600 18 + 2.95 -2.30 +2.90 -2.78 
600 21 + 3.35 -2.70 +3.30 -3.18 
600 24 + 3.82 -3.15 +3.77 -3.63 
600 25 + 3.91 -3.25 +3.86 -3.73 
600 27.5 + 4.26 -3.60 +4.21 -4.08 
600 30.0 + 4.73 -3.90 +4.68 -4.38 
600 32.5 + 	5.15 -4.50 +5.10 -4.98 
600 35.0 + 7.47 -6.90 +7.42 -7.38 
600 37.5 +11.04 >10.0 +10.99 
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Table (B46) - Wall Rotations - Test Series (A) 












0.0 0.0 0.0 
1.0 - 0.01 + 0.057 
2.0 - 0.02 + 0.139 
3.0 - 0.024 + 0.212 
4.0 - 0.030 + 0.295 
5.0 - 0.035 + 0.417 
6.0 - 0.042 + 0.424 
7.0 - 0.048 + 0.550 
8.0 - 0.053 + 0.610 
9.0 - 0.058 + 0.630 
10.0 - 0.060 + 0.710 
11.0 - 0.066 + 0.760 
12.0 - 0.066 + 0.830 
13.0 - 0.070 + 0.850 
14.0 - 0.073 + 0.945 
15.0 - 0.078 + 	1.010 
* Clockwise Rotation "Positive" 
** Counter clockwise Rotation "Positive" 
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Table (+7) - Wall Rotations - Test Series (3 ) 







03 * 	10 05 * 
lower upper 
wall 	. wall 
Due to precomp. ;Due 	F.Load 
0 0 - 0lower upper upperr 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 20.0 + 	.026 - 	.120 + 	.026 - 	.120 
3.0 20.0 + .008 + .015 --- --- - 	.018 + 	.135 
0.0 40.0 + 	.038 - .225 + 	.038. - .225 
3.0 40.0 + .016 - .085 --- --- - .022 + 	.140 
0.0 60.0 + .046 - .230 + .046 - 	.23 
3.0 60.0 + .026 - .083 --- --- - .020 + 	.147 
0.0 80.0 + .058 - .280 + 	.058 - 	.28 
3.0 80.0 + .038 - 	.130 - .020 + 	.150 
0.0 100.0 + 	.063 - .287 + 	.063 - 	.287 
3.0 100.0 + .044 - 	.130 --- --- - .019 + 	.157 
0.0 120.0 + 	.066 - .30 + 	.066 - 	.30 
3.0 120.0 + .046 - 	.145 --- --- - .020 + 	.155 
0.0 140.0 + 	.068 - .272 + 	.068 - 	.272 
3.0 140.0 + .050 - 	.128 -- --- - 	.018 + 	.144 
0.0 160.0 + 	.078 - .263 + 	.078 - 	.263 
3.0 160.0 + .053 - 	.115 --- --- - .025 + 	.148 
0.0 180.0 + 	.083 - .245 + 	.083 - .245 
3.0 180.0 + .062 - .095 --- --- - 	.021 + 	.150 
0.0 200.0 + .088 - .233 + 	.088 - .233 
3.0 200.0 + 	.063 - 	.105 --- --- - .025 + 	.128 
0.0 220.0 + .090 - .265 + 	.090 - 	.265 
3.0 220.0 + .066 - .093 --- --- - .024 + 	.172 
0.0 240.0 + .094 - .270 + .094 - .270 
3.0 240.0 + .070 - .085 --- --- - .024 + 	.185 
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Table (B4) - Wall Rotations - Test Series ( C) 







0 	* 10 	05 	* 10 
lower upper 
wall 	wall 
Due to preconip. Due to F.Load 
0lower 0upper 0lower 0upper 
0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 
0.0 20.0 + 	.023 - 	.152 + 	.023 - 	.152 
6.0 20.0 - .012 + .158 --- --- - .035 + 	.31 
0.0 40.0 + 	.030 - 	.217 + .030 - 	.217 --- 
6.0 40.0 - .002 + .090 --- --- - .032 + 	.307 
0.0 60.0 + 	.043 - .250 + 	.043 - .250 
6.0 60.0 + .002 + 	.046 --- --- - 	.041 + 	.296 
0.0 80.0 + .052 - .282 + 	.052 - 	.282 
6.0 80.0 + 	.015 + 	.016 --- --- - 	.037 + 	.298 
0.0 100.0 + .058 - .284 + 	.058 - .284 
6.0 100.0 + 	.023 + .004 --- --- - .035 + 	.288 
0.0 120.0 + .052 - .262 + .052 - 	.262 
6.0 120.0 + 	.028 + 	.004 --- --- - .024 + 	.266 
0.0 140.0 + .068 - .267 + 	.068 - 	.267 
6.0 140.0 + .036 + 	.008 --- --- - .032 + 	.275 
0.0 160.0 + 	.076 - .265 + 	.076 - 	.265 
6.0 160.0 + .040 + 	.028 --- --- - .036 + 	.293 
0.0 180.0 + 	.078 - .249 + 	.078 - .249 
6.0 180.0 + .043 + .034 --- --- - .035 + 	.283 
0.0 200.0 + 	.083 - 	.260 + 	.083 - 	.260 
6.0 200.0 + .048 - .048 --- --- - .035 + 	.308 
0.0 220.0 + 	.081 - .222 + 	.081 - 	.222 
6.0 220.0 + .048 + 	.072 --- --- - .033 + 	.294 
0.0 240.0 + .087 - .247 + 	.087 - .247 
6.0 240.0 + .052 + 	.077 --- --- - .035 + 	.324 
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Table (B49) - Wall Rotations - Test Series ( D) 







03 	* IO 	05 * 	10 
lower upper  
wall 	. wall 
Due to precomp. Due to F.Load 
0 lower 0 0 lower 0 upper upper 
0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 
0.0 20.0 + 	.018 - 	.147 + 	.018 - 	.147 
9.0 20.0 - .022 + .410 --- --- - .040 + 	.557 
0.0 40.0 + 	.033 - 	.212 + 	.033. - 	.212 
9.0 40.0 - .009 + .268 --- --- - .042 + .48 
0.0 60.0 + .040 - .237 + .040 - .237 
9.0 60.0 0.00 + 	.186 --- --- - .040 + 	.423 
0.0 80.0 + 	.043 - .262 + .043 - .262 
9.0 80.0 + .004 + 	.153 --- --- - .039 + 	.415 
0.0 100.0 + .053 - .282 + 	.053 - .282 
9.0 100.0 + 	.010 + 	.140 --- --- - .043 + 	.422 
0.0 120.0 + .054 - .287 + 	.054 - 	.287 
9.0 120.0 + 	.014 + 	.130 --- --- - .040 + 	.417 
0.0 140.0 + .058 - .292 + 	.058 - 	.292 
9.0 140.0 + 	.018 + 	.130 --- --- - .040 + .422 
0.0 160.0 + .064 - .287 + .064 - 	.287 
9.0 160.0 + 	.023 + 	.150 --- --- - 	.041 + .437 
0.0 180.0 + .064 - .287 + .064 - .287 
9.0 180.0 + 	.026 + 	.158 --- --- - .038 + 	.445 
0.0 200.0 + .072 - .287 + 	.072 - 	.287 
9.0 200.0 + .028 + 	.170 --- --- -. 044 + .457 
0.0 220.0 + .068 - .254 + .068 - .254 --- 
9.0 220.0 + .028 + 	.168 --- --- - .040 + 	.422 
0.0 240.0 + 	.078 - .217 + 	.078 - 	.217 --- 
9.0 240.0 + .033 + 	.170 --- --- - .045 + .387 
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Table (B50) - Wall Rotations - Test Series (E ) 







03 	* 10 	305 	* 10 
lower upper 
wall 	wall 
Due to precomp. Due to F.Load 
0 lower 0 0 lower 
0 upper upper 
0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 
0.0 20.0 + 	.014 - .062 + 	.014 - .062 
12.0 20.0 - .050 + 	.753 --- --- - .064 + 	.815 
0.0 40.0 + .028 - .182 + 	.02.8 - 	.182 
12.0 40.0 - .035 + 	.518 --- --- - .063 + .70 
0.0 60.0 + .034 - .212 + 	.034 - .212 
12.0 60.0 - .022 + .343 --- --- - .056 + 	.555 
0.0 80.0 + 	.036 - .232 + .036 - .232 
12.0 80.0 - .016 + .303 --- --- - .052 + 	.535 
0.0 100.0 + 	.048 - .237 + .048 - .237 
12.0 100.0 - .011 + 	.306 --- - 	.059 + 	.543 
0.0 120.0 + 	.050 - .249 + .050 - .249 
12.0 120.0 - .001 + 	.303 --- --- - .051 + 	.552 
0.0 140.0 + 	.054 - .230 + 	.054 - 	.23 
12.0 140.0 - .001 + 	.317 --- --- - .055 + 	.547 
0.0 160.0 + .059 - .222 + 	.059 - .222 
12.0 160.0 + 	.001 + 	.317 --- --- - 	.058 + 	.53 
0.0 180.0 + .064 - .239 + .064 - .239 
12.0 180.0 + .004 + 	.313 --- --- - .060 + 	.552 
0.0 200.0 + 	.066 - .197 + 	.066 - 	.197 --- 
12.0 200.0 + .011 + 	.338 --- --- - .055 + 	.535 
0.0 220.0 + .069 - .232 + 	.069 - .232 --- 
12.0 220.0 + 	.014 + 	.256 --- -- - .055 + 	.488 
0.0 240.0 + .076 - .232 + 	.076 - 	.232 --- 
12.0 240.0 + 	.016 + .335 --- --- - 	.060 + 	.567 
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Table (B51) - Wall Rotations - Test Series ( F) 







03 	* 10 	0 	* 10 
lower upper 
wall 	wall 
Due to precomp. Due to F.Load 
0 lower 0 0 lower 0 upper upper 
0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 
0.0 20.0 + .024 - 	.144 + .024 - 	.144 
15.0 20.0 - 	.051 + .674 --- --- - .075 + 	.818 
0.0 40.0 + .036 - .224 + 	.036 - .224 
15.0 40.0 - .043 + 	.634 --- --- - 	.079 + 	.858 
0.0 60.0 + 	.044 - .234 + 	.044 - .234 
15.0 60.0 - .032 + 	.549 --- --- - .076 + 	.783 
0.0 80.0 + .050 - .226 + 	.050 - .226 
15.0 80.0 - .020 + .449 --- --- - .070 + 	.675 
0.0 100.0 + 	.060 - .238 + 	.060 - .238 
15.0 100.0 - .013 + 	.479 --- --- - .073 + 	.717 
0.0 120.0 + 	.060 - .238 + .060 - 	.238 
15.0 120.0 - .013 + 	.452 --- --- - 	.073 + 	.690 
0.0 140.0 + 	.065 - .276 + 	.065 - 	.276 
15.0 140.0 - .002 + 	.459 --- --- - .067 + 	.735 
0.0 160.0 + 	.074 - .268 + 	.074 - .268 
15.0 160.0 - .001 + 	.436 --- --- - .075 + 	.704 
0.0 180.0 + 	.071 - .281 + 	.074 - 	.281 
15.0 180.0 - .001 + .434 --- --- - 	.075 + 	.715 
0.0 200.0 + 	.071 - .256 + 	.074 - .256 --- 
15.0 200.0 0.00 + 	.398 --- --- - .074 + 	.654 
0.0 220.0 + 	.076 - .276 + 	.076 - 	.276 --- 
15.0 220.0 --0,00 + .486 --- --- + 	.07E + 	.762 
0.0 240.0 + 	.07' - .244 + .076 - .244 --- 
15.0 240.0 + .00 + 	.394 --- --- - .080 + 	.638 
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Table (B52) - Wall Rotations - Test Series ( G) 
Full Size Structure 
Slab 	Active 	03 * 10 3 85 * 10 	Due to precomp. 	Due to F.Load 
load Prcomp, lower 	I upper 
(KN) (1(N) 	wall wall 	0 	I 0 I 0 lower I 	upper 	lower 	upperj 
0.0 0.0 0.0 0.0 0.0 
3,0 0.0 - 	.018 + 	.243 
3.0 20.0 - .003 + 	.086 + 	.015 
3.0 40.0 + 	.014 - 	.077 + 	.032 
3.0 60.0 + 	.025 - 	.087 + 	.043 
3.0 80.0 + .030 - 	.107 + 	.048 
3.0 100.0 + 	.030 - 	.137 + 	.048 
3.0 120.0 + 	.037 - 	.137 + 	.055 
3.0 140.0 + 	.047 - 	.125 + 	.065 
3.0 160.0 + 	.047 - 	.105 + 	.065 
3.0 180.0 + 	.047 - 	.105 + 	.065 
3.0 200.0 + 	.050 - 	.105 + 	.068 
3.0 220.0 + .052 - .094 + 	.070 
3.0 240.0 + 	.057 - 	.087 	1 + 	.075 
0.0 0.0 0.0 
- 	.018 + .243 
- 	.157 - 	.018 + .135 
- 	.32 - .022 + .140 
- .33 - .020 + .147 
- 	.35 - .020 + .150 
- .38 - 	.019 + .157 
- 	.38 - .020 + .155 
- 	.368 - 	.018 + .144 
- .348 - .025 + .148 
- .348 - 	.021 + .150 
- .348 - .025 + .128 
- 	.337 - .024 + .172 
- 	.330 	1  - .024 1 	+ .185 
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Table (B 53) - Wall Rotations - Test Series ( H) 
Full Size Structure 
Slab 	Active 	03 * i - 05 * 10 	Due to precomp. 	Due to F.Load 
load Prcomp, lower 	upper
T  (KN) (KN) 	wall wall 	e 	I e 	e 	olower I 	upper 	lowerupper 
6.0 0.0 - .035 + .466 -- 
6.0 20.0 - .025 + .33 + .01 
6.0 40.0 + .003 + .083 + .038 
6.0 60.0 + .010 + .053 + .045 
6.0 80.0 + .012 + .018 + .047 
6.0 100.0 + .025 + .013 + .060 
6.0 120.0 + .027 - .007 + .062 
6.0 140.0 + .030 - .012 + .065 
6.0 160.0 + .040 - .012 + .075 
6.0 180.0 + .042 - .012 + .077 
6.0 200.0 + .045 - .007 + .080 
6.0 220.0 + .050 + .013 + .085 
6.0 240.0 + .052 + .013 + .087 
- .035 + .466 
- 	.136 - .035 + .31 
- .383 - .032 + .307 
- 	.413 - 	.041 + .296 
- .448 - 	.037 + .298 
- ,453 - 	.035 + .288 
- 	.473 - .024 + .266 
- .478 - .032 + .275 
- 	478 - .036 + .293 
- 	.478 - 	.035 + .283 
- 	.473 - .035 + .308 
- .453 - 	.033 + .294 
- .453 - 	.035 + .324 
B53 
Table (4) - Wall Rotations - Test Series (J ) 







0 3 	* 10 	e5 	* 10 
lower upper 
wall 	wall 
Due to precoulp. Due to F.Load 
0 lower upper lower upper 
9.0 0.0 - 	.049 + 	.668 --- --- - 	.049 + 	.668 
9.0 20.0 - 	.027 + 	.446 + 	.022 - 	.222 
- .040 + 	.557 
9.0 40.0 - 	.022 + 	.293 + 	.027 - 	.375 
- 	.042 + 	.480 
9.0 60.0 - 	.006 + 	.173 + 	.043 - .495 
- .040 + 	.423 
9.0 80.0 - 	.002 + 	.153 + 	.047 - 	.515 
- 	.039 + 	.415 
9.0 100.0 + 	.006 + 	.143 + 	.055 - 	.525 
- 	.043 + 	.422 
9.0 120.0 + 	.016 + 	.138 + 	.065 - 	.530 
- .040 + 	.417 
9.0 140.0 + 	.023 + 	.133 + 	.072 - 	.535 
- 	.040 + 	.422. 
9.0 160.0 + 	.028 + 	.143 + 	.077 - 	.525 
- 	.041 + 	.437 
9.0 180.0 + 	.033 + 	.143 + 	.082 - 	.525 
- .038 + 	.445 
9.0 200.0 + 	.033 + 	.146 + 	.082 - 	.522 
- 	.044 + 	.457 
9.0 220.0 + 	.033 + 	.158 + 	.082 - 	.510 
- .040 + 	.422 
9.0 240.0 + 	.038 + 	.163 + 	.087 - 	.505 
- .045 + 	.387 
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Table (B55) - Wall Rotations - Test Series (K) 







03 	* 10 	05 * 	10 
lower upper 
wall 	wall 
Due to precomp. Due to F.Load 
0 lower 8 0 lower --F--- 0 upper upper 
12.0 0.0 - 	.066- + 	.85 --- --- - 	.066 + 	.85 
12.0 20.0 - .055 + 	.71 + 	.011 - 	.140 - .064 + 	.815 
12.0 40.0 - .048 + 	.51 + 	.018 - 	.34 - .063 + .700 
12.0 60.0 - .038 + 	.35 + 	.028 - 	.50 - .056 + 	.555 
12.0 80.0 - 	.033 + .305 + .033 - .545 - 	.052 + 	.535 
12.0 100.0 - 	.023 + .305 + 	.043 - .545 - 	.059 + 	.543 
12.0 120.0 - 	.013 + 	.280 + 	.053 - .570 - 	.051 + 	.552 
12.0 140.0 - .008 + 	.265 + 	.058 - 	.585 - .055 + 	.547 
12.0 160.0 - .005 + 	.255 + 	.061 - 	.595 - 	.058 + 	.539 
12.0 180.0 - 	.005 + 	.285 + 	.061 - .565 - .060 + 	.552 
12.0 200.0 + 	.002 + 	.305 + 	.068 - .545 -.055 + 	.535 
12.0 220.0 + 	.002 + 	.310 + 	.068 - .540 - .055 + 	.488 
12.0 240.0 + 	.007 + 	.315 + 	.073 - 	.535 - .060 + 	.567 
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Table (B56) - Wall Rotations - Test Series (L ) 







03 	* 10- 	e5 * 	10 
lower upper 
wall 	. wall 
Due to precomp. Due to F.Load 
0 lower 8 
- 0 lower 0 upper upper 
15.0 0.0 - .080 + 	.97 --- --- - .080 + 	.97 
15.0 20.0 - .069 + .80 + 	.011 - 	.17 - .075 + .818 
15.0 40.0. - .068 + 	.72 + .012 - .25 - .079 + 	.858 
15.0 60.0 - .046 + .61 + 	.034 - 	.36 - .076 + .783 
15.0 80.0 - 	.046 + 	.55 + .034 - .42 - .070 + 	.675 
15.0 100.0 - .033 + .55 + 	.047 - .42 - 	.073 + .717 
15.0 120.0 - .027 + 	.54 + .053 - .43 - .073 + 	.690 
15.0 140.0 - .020 + .492 + .060 - .478 - .067 + .735 
15.0 160.0 - 	.015 + 	.515 + 	.065 - 	.455 - .075 + 	.704 
15.0 180.0 - .013 + .525 + .067 - .445 - 	.075 + .715 
15.0 200.0 - 	.010 + 	.515 + 	.070 - .455 - .074 + 	.654 
15.0 220.0 - .008 + .500 + .072 - .470 - .076 + .762 
15.0 240.0 - .006 + 	.465 + 	.074 - .505 - .080 + 	.638 
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Table (B57) - Wall Rotations - Test Series (N, N, P) 
Full Size Structure 
TEST SERIES (N) 
Slab Active 03 	* 10 3 05 * 	1071 Due to Precomp. Due to F. Load 
Load Precotnp. lower upper 
0 lower 9 0 lower 0 upper 
(KN) (1(N) wall wall 
upper 
0.0 100.0 + 	.052 - .325 + 	.052 - .325 
3.0 100.0 + 0035 - 	.147 + .048 - .38 - 	.017 + 	.178 
6.0 100.0 + 	.020 - .035 + 	.060 - .453 - .032 + .290 
9.0 100.0 + .005 + 	.085 + .055 .525 - .047 + 	.410 
12.0 100.0 - 	.012 + .235 + .043 - .545 - .064 + .560 
15.0 100.0 - .010 + 	.425 + 	.047 - .42 - .062 + 	.750 
TEST SERIES (N) 
0.0 200.0 + 	.073 - .240 + 	.073 - .240 
3.0 200.0 + .063 - 	.105 + .068 - .348 - 	.010 -- 	.135 
6.0 200.0 + .043 - .003 + 	.080 - .473 - .03 + .237 
9.0 200.0 + 	.033 + 	.125 + .082 - .522 - 	.04 + 	.365 
12.0 200.0 + .015 + .270 + 	.068 * .545 - .058 + .510 
15.0 200.0 0.00 + 	.465 + .070 - .455 - .073 + 	.705 
TEST SERIES (P) 
0.0 300.0 + 	.075 - 	.174 + 	.075 - 	.174 --- 
3.0 300.0 + .060 - .044 + .071 - .360 - 	.015 + 	.130 
6.0 300.0 + 	.050 + 	.046 + 	.079 - .486 - .025 + .220 
9.0 300.0 + .030 + .186 + .082 - .540 - .045 + 	.360 
12.0 300.0 + 	.020 + 	.351 + 	.075 - .545 - .055 + .525 
15.0 300.0 + .005 + .576 + .075 - 	.535 - .070 + 	.750 
APPENDIX (C) - COMPUTER PROGRAMMES 
Cl - MOMENT-ROTATION EQUATIONS (DOUBLE CURVATURE). 
C2 - MOMENT-ROTATION EQUAIQS (I1GLE CURVATURE). 
C3 - 'WALL BUCKLING LOADS (DOUBLE & SINGLE CURVATURE)0 
C4 - CAPACITY REDUCTION FACTORS(DOUBLE CURVATURE-UNCRACKED) 
C5 - CAPACITY REDUCTION FACTORS(DOUBLE CURVATURE-CRACKED)0 
C6 - CAPACITY REDUCTION FACTORS,SINGLE CURVATURE 
BENDING, I' Vi = 000 (UNCRA CKED WALLS). 
C7 - CAPACITY REDUCTION FACTORS,SINGLE CURVATURE 
BENDING, &A = 0.0 (CRACKED WALLS). 
C8 - CAPACITY REDUCTION FACTORS,SINGLE CURVATURE 
BENDING, E/ li = 1.O(UNCRACKED &CRACKED WALLS). 
C9 - SOLUTION OF CUBIC EQUATIONS PROGRAI'E. 
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3.233UO G545tSC! 
0.240flOU 0.4205 
U.25OfliL) 0.cS3d675 3.2'.i524 
0,.260n)U 0.835419 
G.27Oñr) 0.3231b 2.771OL4 
0,29367 2.565225 
0.20c3 0,826571 2.S60630 
0.3003 C.'23927 .16'-+17U 
J.320n03 0,819069 1.7')0791 
• 0 .814844 1 .4362 
U,511177 1.13r237 
O.3O13 0808071 
( 4 (t(J 0.05505 C.bJ141G 
0.503459 




C3 - 4 
FL 'L 	C 1P. Tf -n 	RESt It, TS 
LL LUCLIriG LOADS 
;'LLS III ST!!GLF CLJRVATL'tE 
LECC/./i L T. 	 PHY 	 ziI_x 
0,000rO1-  0.666667 
0.3110n0C 0.53333 
FIC U 	640000 732U135 
0,626667 .197549 
0.613333 7.5354 






0.546667 b.4 1792 
o• 3333.3 
10 n 0.520000 4,6F3049 
U.120fl) 0.1S06667 14.332527 
fl.13or, tu 0.493333 
a.'+oonc 3.r,3316 
U.10nü0 0.466667 3.352L) 
0,45333. . 1  llb 3325 
0,170nC 0.440000 2.'37477 
0.42b667 2.'c7262 
U,19UnNL 0.413333 2.352206 
0.200rL; 0.400000 2.131635 
0,2lOijnh' U.86667 1.725630 
0.22flflti 0,373333 1.'33263 
0,360000 110 
0.46667 1.37743 
0.250iU 0,333333 1.233702 
0.32(000 1.091500 
C.70c;ritj 0,306667 0.960669 
0,793333 U,b40733 
0,260000 0.731221 
C,300- r,0 0.26667 3.b31656 
0,32)000 0.240000 0.460477 
72 	f 0.213333 0.323L 
0,186667 0.215558 




0 .L&0r0 0,053333 • 
0,r2E667 0.r',r11532 
0.0U('Ufl0 u, 	fl00C'11 
ST2P 




E.R.c.L. FORTRAN COtflILLR RELEASE 6 VERSION 5 
C 	STRESS RLUUCTIOH FACTORS 'WALLS IN L)UELE CUVATJkE' 
C PRQGNAHMER : AUNAil A • AWNI  
REAL pHy(79 ) 
REAL E(17) 
REAL SLENL3(47) 
001 FOr AT(9f- .4) 
002 FORF1AT(10I.3)  
003 FORMAT('l',// T2199FIrJAL 	COHPUTED 	LSULTS'/ 
004 FORMAT( 	22X 'WALLS IN DOUBLE CIJP\/f\T!JE' 
005 FORMAT(  
006 FORMAT( 	12X,F6.4,8X,F6.2,8X,F6. ,ux,F8.6) 
007 FORIIAT( 23X'STFESS REDUCTION FrTUR'/) 
08 FORF.AT(13F6.4) 
09REf\fl(5,1) (E(I),I1,17) 
010 READ(5,2) (SLLIJD(J)9J1147) 
UllREAD(596) (PF{Y(K)9K19799) 
012 DO 10 1=1,17 
013 DO 10 J1,47 
U14 <I1)*47)+J 
015 REALK( (SLt..ND(J)/(2.0) )*2)/(55,5) 
016  
017 IF(py ( ) -fHYB) 20' 1F, 18 
U13 PHy(K)PHYb 
019 GOTO 3 
020 CHECKL(PHT(K)-E(I)) 
021 IF(CFlECVu)2,22c24 




026 GOTO CO 
027 VVtAX 
028 GOTO SO 




033 GOTO 80 
034 VViAX 
035 GOTO 80 
037 V3=Z1/RE/\LP 
038 VMAX1.G 
039 IF(V3Vf1AX )40,40 ,60 
040 VV3 
050 GOTO 80 
060 VVAX 









04 - 2 
Fl AL 	cLHP Tfl 	PE SULT 
'LSS bflLCTTOi F/UTc 
AL LS 1 i i(' LLt CURVATURE 
L/T Ii/T P 	Y 
fl.3C0 5.30 0.0006 1.030003 
C.L000 1.030000 
0.0030 7,Uu I).UOUfl 1.0U0000 
0 0 U 0 0 • 3 [ U fl 1 • 	U U 0 0 0 
0.u330 9,00 0.0000 1.OU0000 
r,.J3U3 1. 
o.uL000 1,ourj000 
0.3003 12.uj 0.3030 1.030000 
16 	LIJ r).3030 1.030330 
14.00 0.0000 1,0u0003 
0.0030 15,01 0.u000 1,030003 
0.LJ30 l.LL) 0.0033 1.ZJ U0300 
17,03 01.3030 1.0U3000 
:Lc.uo 0,0000 1.CU0000 
0.0000 19.00 0.0000 1,OU0000 
3.0030 00 0.0033 1,330000 
0,u000 1,0U0000 
fl.0UU 1.03001)0 
26.03 0.3000 1,OU0030 
0.0030 24,Ufl 0.0000 1.03000(1 
3.0310 25,93 0.0330 1.000300 
0,3330 1,030330 
27 	0o,ocoo i.ou0000 
L.00JO ,u0 0.3003 1,030000 
ri 23,UJ 3.0030 1,030000 
0.033) 30,00 0.0000 1,Du0000 
0.93 1 0 31,u 0.0000 1.030000 
0,u330 1,00u000 
0,0030 1.030000 
o.ocoo 1+,jn 0,0030 1.0u0000 
0 • .30 3 u 3 C • 0033 1,3 	0000 
0.0333 .uU 0.0003 1.033000 
0.00)0 .7.Oo 0.0033 i,00000 
0.3003 1.000000 
0.0275 1.030200 
0.0130 40.33 0,0E30 1.030000 
42,03 0.134 1.OU0000 
44. L) ii 0 
0.1)000 +.0u 0j,291 1.030000 
1.033300 
50.30 3L4744 1,030103 
3.0031 55,33 0.erS 7 J.72270 
3 • 0030 33 ii •El 	6 7 0 • EW8589 
0.1)300 5.D0 0.667 0,51561 
0.33.3 71,03 fl.h667 J,44712 
0, iuocj 75,00 (1.6657 .3 • 3997 
3.3333 dJ.Uu C.o667 3.3'42331 
C4 - 3 
Cu RJT1Th 	FLSULTS 
STiSS KfflCTION FTCTO 
ALLS I DCUHLE CLiF.V/TUR 
c_/T t/T }HY 
fl.OkuU fl.I'013 1.0U0000 
fl.U31t, iO'JOflOO 
7.uTJ U.0u19 i.OUO)Gfl 
L J, O.u022 1.CUUJ3O 
1.ouuflUij 
lu.LD fl.0029 1.UUfl(DOU 
O.UiW 5,1n035 1.0U0000 
3.C1J, 0.0037 1.UU000C 
1.1fl 0.0041 1S OU0000 
fl.ui'JJ 14.UU 1.U04 1.OU0000 
C.eJ5o 1.0u0U00 
O.()055 1.GU030D 
).UiuJ .t7.Uu 9. U061 1.0U0300 
fl • i1 16 iC L 	tr 1 • OUOciOO 
D,U073 1,OU0000 
rl.uU7 1CLODOJ 
O.u1fl 1• t)C 0.1.087 1.OU0000 
0.010 1 2.UD 13.u095 1.OU0000 
0,U10!4 1.000000 
0.0113 1.UU3000 
fl.L'lUQ 2b.uU n . 0 12 4 1.0001100 
0.u.L) 2b.00 0.01.57 1.000000 
:.Llnr. 27. fl 0.u151 1.000000 
db.U0 fl ,i167 1• 000000 
1.fl1Ufl 2.0 fl.U1- 1. 	000000 
1LJ,ULJ. 1.000000 
10 .51.iI) fl.o235 . 	1.000000 
D.LIOC .uu 0.02 til 7 1.000000 
f)U3Uc 1,OU000I) 
o.o10 .4.00 0.0359 1.ou0000 
:j. J 13r .5.L0 0.0425 1.000000 
0.010: 6 	U 0.U51 i 000000 
0.uh25 10U0000 
0.0100 6d.Ou U,)773 1.000000 
fl.091 1.000000 
I.uioc -0.UH 1.1191 1,000000 
G,17E1 1.0UC000 
1.000000 
0.i100  146.U0 0,.3199 1.000000 
0.4u15 1.000000 
0.0100 fl,+Q 1.000000 
55.)0 P.ct01 0.702313 
001Jfl 1l.0I U,bt,U1 ),59055S 
cb.Ufl 0.06U1 0.50319 
70.uU 0.b 	U1 
7.J... tJ.bbUl 0,317957 
0.32189 
Fl 1:L 	LJPtiTEfl 	LSULTS 	
C4 - 4 
TSS HETiULTIOM FACTOR  
ALLS 1U Ui 'ELF LJFVATUi[. 
L/1 i/I 1111  V 
(.0024 1.01)0000 
3.02cr) h.Uj QuQ31 1.000003 
n.0036 1,000300 
3.020) c,iJH r).U043 1.01)0000 
3.0201 0,0051 1.000000 
0.0433 Li0 0.0057 1.OUOflOO 
fl.(J2OT' 11.Uu fl.00r4 1.000000 
12.00 1.1)072 1.000000 
0.u0&C 1.000000 
3,0203 l+,OIj fl,u03 1.000000 
1) • 02(1-  1 	• 03 C) • t 10 9 1 • 003000 
U,u107 1,000000 
fl.020j 17,00 n.U110  1,UIJD000 
1.01)0000 
0.0230 0.1)141 1.01)0000 
0.0200 ).Li0 0,0153 1.01)0000 
1,021 ) Ui • 11 	J 0 • 01i7 1 • 01)0000 
0.o230 22.00 fl,o12 1.01)0000 
0.0230 6.u0 0.0199 1,ou0000 
0,021. 0.1)217 1.000030 
25.00 0,0237 1,003000 
3.0403 0.0?bO 1.OU0000 
C.L2Jy 27.L u C.U235 1 	0 0 .0 00 
n,u2j 25,uO fl,u1 -f 1.000000 
3.1)203 29.03 0,034 1.01)0000 
1.31)3000 
0.020 1.U') 0 L+ 2 6 1,1)00000 




64.0U ,L15 1,303000 
0.021)1 0u704 1.000000 
2,(!fl 5huj fl.u512 1.1)u0000 
0.02)3. 7.J0 0.u943 1.01)0000 
0.0200 3.J0 0,1101 1• 0u0000 
0.02011 .9.1)C) 0 • J 1.000000 
• 41) • 0, 1507 1. • 003000 
0.2034 1,0u0000 
44•Ui) P.2f,b7 1,Uu0000 
0.0203 e:1i c.38+ 1,000000 
4o.u0 i1.4163 1,000000 
0.1)203 50oo 3,5009 1.000000 
0.0200 55.uO 0,655 J.619( 
fl.u20) i0.'ufl fl,b535 3,572982 
0.1)2 u 6 b 	o fl,b535 ].41)222 
.3.0201 7j • 0 3.b535 
fl.02u' 1',)1) (1 0 (1)535 j.3bb709 
11 	00, 0.0535 ,.322332 
04 - 5 
F iJ 	C')lPUTEfl 	RESULTS 
STILSS hEP.CTIO! FThLTOr. 




6, 7.00 r.0052 1.000300 
1. 0 Li  0 10 13 
fl.Utj '- .i,j fl.u072 1,000000 
fl.LIOT' 10.uu fl.00b2 1,000003 
1 	00000C 
0.01u4 1.OU0000 
0.U.U0 13,J0 n.U11rD 1.000000 
rifl 14.0 0.019 1.000000 
15.ui r.01'-2 1.000000 
lb.U(j C.U156 1.000000 
0.0.50' 17.00 0.0171 1.Ou0000 
fl.O?'J 1c .Ut1 0.01h7 1,000000 
0,020'4 1,OU0000 




:4 	LL 3.0312 1.000000 
0.u300 25.uU 0.030 1.000000 




c.o3uo .'..0 o.53E 1.000000 
1.030: 1,uJ 0,u595 1,OuiJ000 
1.000000 
0,0735 1.000000 
0.W50 .D4,00 fl.U23 1.000000 
L; J P,u325 1,000000 
0.0500 .6,uO 3.1045 1.000000 
37.01 fl.134 1,000oOO 
0.U3U 3o.JU 0,1349 1.000000 
q . 156e, 1.000003 
Li 	t 0.1750 1.000300 
0.0310 Lf2t:J fl.257 1.003300 
I • u .0 '+4 • u[' P • 2E1 1 • 0 u 0000 
fl.)550 1.000003 
UJ P.4311 1.003000 
50.011 .D132 1.000000 
fl.h473. J.E1515 
I • 3300 ED • 30 0 • 6471 j • 5b557 
0.10+71 3,L47362' 
0.3.300 73.00 1.b471 j,LU,038 14 
Ii.6471 
0.0303 3.JtJ fl,  b'.+71 3.312669 
ri.AL 	CLPTEfl 	LSULT 	
04-6 
STkLSS hPiiCTITh FCTCJR 
ILLS Li L)OUBLE c IRVAT1JF - L 
L/T bl/T F'HY 
1.u4Cfl ii.UO3 1,0UU000 
b.J1) O.Lfl55 1.OU0OO 
7.ui ,u06E 1.OU0000 
r.0079 1,Ou0000 
U.0092 1.0U0000 
1U.uu 01 01U 1,CU0000 
: .u+ii 11.uu fl,(1~fl i.0U0000 
L) Lt i,U[) 1.OU0000 
f.u'405 13.uo 0.u150 1,OuOU0O 
14.00 ').U1 1.0U0000 
1.lJJ J.C1h3 i.OJ0000 
1h.IL1 O.U2U2 1.0u0000 
1T,UJ C.221 1,OuUflOO 
ic,U11 F ).[,)241 1,ou0000 
fl.o23 1.Ou0000 
U.Uj 0.L2E7 1,OU0000 
0.L4U 21.0 u 11 ,0312 1,0UOflOO 





'7.UQ flQj7 1.OU0000 
0.U4 1.0U0000 
il.U61 1.u0fl00 
).(14Ufl, U.U0 0 	0675 1,0u0000 
. D 4C 01,U0 0.u742 1.cu0000 
(].040u i,ii0 fl.U.j17 1.0U01U0 
0.0903 1,000000 
J0 0,1QU D J0U0D013 
0.1112 1.000000 
0, 00 0,124 1. 01)3() 
0.u4U'5 37.0 fl.1387 L.0000(J0 
b,UL1 rl,1554 1.000000 
69. (10 ).17L42 1.000000 
40,00 0,154 1,000000 
42.00 1,2449 1.000030 
fl.035 1.000000 
L! 14 u.7u3 1,L00000 
40,1)3 444 1.000000 
.0Lj0 u.Ju fl.529 1.000000 
0 	t''u 5. 10 1 •b4U3 3 .6'+166f 
0.5173 
O.U4U•j 0,o4U 0.45419 
7u,uU 0,64I15 3,36131 
C.040 uti 1.34 5074  
0.3u326E 
C4-.7 
L 	c()iPlJTE{0 	ESULTS 
S'['ESS EUCTIOI; FACTOR  
[LLS Li [)fltJ3L CJ0\/ATURL 
L/T jilT PHY 
0.0500 5,00 0.i)0l 1.000000 
0.0500 6.uJ 0.u0h5 1.000000 
7,3t fl.Utj7. 1,000300 
0.0500 .U) 0.0095 jQuQO0 
03 0.0111 1.0001)00 
fl.u50') l0.0 0,0127 1,OU0000 
0.3590 11.00 0,011.44 1.000030 
i2,UiJ 0.3162 1.Ou0000 
0.0131 1.000000 
14,03 0,0201 1,000000 
0.U50 15.30 3.0222 1,000300 
0.9503 lc,Uj 0.0244 1.0001000 
0.0503 17.00 0.U263 1.000300 
Ij 0.0292 1.000000 
1.0503 1,uo 0.0319 1.000000 
20.00 0.0347 1.000000 
21.ju '.0377 1.000000 
0.0503 22.OU 0.0410 1.000000 
0.030: 26.00 0,0445 1.000000 
rjn 2'4.03 9,u483 1.0000010 
0.0501 5.UD 0.0524 1,030300 
0.0500 26.00 0.0569 1,000000 
.9.050:. 7,0j 0,0613 1,000000 
fl.U5Li 26,lj0 06 76 1,030300 
0.U50i 29,UQ 0,3733 1,OU0000 
P.Ll U 6 fl,u600 1.000000 
3.0500 31,U 0.3874 1.000000 
32,01) 0.095 1.000000 
0.3 5.0[) 0.1051 i,000flOO 
1.1157 1,000000 
0.c00 D5,1IU 0,1270 1.000000 
0.3500 Do,UQ 0.1410 1.000000 
0.3500 37,U0 0.1562 1.0u0300 
0 1  L) 	11 6 5.Uu 0,1731 1.000303 
C, t 3 e1921 1.000000 
0.0500 4 0.U0 0.213? 1,003000 
0,0500 0.2619 1.000000 
2.3192 1.0001)00 
0.0390 '-b,U'J 0.5345 1.000300 
0.0500 4800 0,4573 1.000000 
0.3503 50.J3 0.5361 1.000000 
0.9503 0.634- 3.6 22346 
LJ 60.00 0,6346 0.52244 
0.0503 r,5.li0 0.h34  3.445585 
0.0500 70.0 0  0,6344 0,304203 
fl.J0j 75,00 3.3L+6 3.34684 
10.0 u 1).b34r, 3,294156 
ri/L 	UipJTfr) 	SLSULTS 
T:ES LDUCTIJI FACTJF 
kLLS LI flT)'HLE CL.JR\/ATURL 
L/T V 
5,L'u 1.u057 1.OU0030 
o,U{) fl.3t)74 1.L3J'JO0 
7.0 "10 91 1.0unuo 
0.U1U9 1.CU000C 
fl.C12S 1.030300 
0.JoJl 1U.u0 0,017 1,0U0000 
11,uU 0.U17 1.OU0000 
1,Ju .Ti,ul3, 1.0U0003 
i.u0000 
14.00 fl.0234 1.000300 
1 .LftJ1 1D.3 it fl,U259 1.0UII000 
0.02b+ 1.UU0000 
.L7.uu Cl .u312 1,UU0000 
3, Uri U P 1c. UI) P. 0-f0 1 • 030000 
19. 	C) 0.3371 1.0u3300 
3.UE03 .3.iJ fl,0'4U4 1.Ou0000 
21.1W fl•0+3 1.0U0000 
0.0476 10UUC)00 
0.3516 1.OU0000 
4'.OLJ 0.0559 1.0U000C) 
0,Ur)U 1.0001.00 
C • 30 0 • 1157 L. OUQ300 
3,3600 7,pi 0.0712 1.ou0000 
0.0773 1.OU0003 
I • 	3 29 • 0 • 	U 1 • [lu0000 
c,Hr,n6u.10D O.U914 1,030300 
11,0995 1.030000 
0.uLj 0.1345 1.Ili U0000 
0.11F 1.030000 





fl .23o1 1,030003  




429O rl.2773 1.030000 
1. 0 L' 0300 
46.00 1,5977 1.OU0000 
o •• • I. 030000 
hU.U0 1,.51+67 1.030000 
0.bS0 0.6U3549 
0.ubu3 n.J.00  3.5U71Lf9 
0.445-2 127 
11 	'D i3.0 0.372599 
j3 75.110 0.6216 0.324575 
J.E.265 0.245271 
C4 - 
PL 	(u]prrF -n 	kLSULTS 
STLSS LDJCT rUM rAc1u 
;/LLS III DCj BLE CJFV AT) f\E 
F-HY 
0.1)0b3 1,OU0000 
1. 0 LI 03 ii U 
U • u7 0 7 • 	u 0 • (ii 1)2 1 • 0 U0000 
fl.)7'j.) - •3 .0122 1.OU0300 
703 .33 0,U143 1.0110003 
0.070) .10.33 0 . U16c, 1.OU0000 
11 U 0.31t19 1.030000 
0 	1IJj 12.30 0.1)213 1.030000 
0.0703 i.L0 fl.u236 1,030000 
0,J 7j3 .14.33 0.0265 1.033(100 
J 	U7 n • J3 13U00Q0 
.0730 U f.1 .0622 1.030000 
fl,7( 17,i0 0,3353 1.0u0030 
0.0703 1.o0 0.0636 1.030000 
0.0700 19,uO 0.0420 1.0U0000 
3.0457 1.000300 
0 .37jU 1.3) n.uL9E; 1.009000 
0.3703 22.U0 0.0530 1.0LJ0000 
fl.U703 2.5.10 0.0536 1,000300 
1.0631 1.000000 
('.070) 2D.U) 0.U6h3 1.000300 
(1,0731 2t.U0 3.U79 .1.000000 
o • 0700 27 • 30 (1 • u 6 u j 000000 
fl.U;7 1,000000 
1.000000 
(1.0700 5)3 0.1319 1.0U0000 
0.0700 5 i .i0 0.1106 1.0031)00 
(1.0700 0.1202 1.oucaoo 
(1.u700 ..u0 0.1303 1,000000 
0.o73-j (1.1426 1.000000 
0.0703 b,Uo 0.1556 1.030000 
0, . () 7 U 66.00 fl.199 1,000000 
P.u705 .7•II0 (1.15cS 1.000000 
P • u7130 0.2033 1 • 000000 
0.2225 1.000000 
0.11700 L+U.U0 0.2436 1.0U0000 
C.U7J. 11.29 14 iJ 1• ouuoO 
0.0700  44.'J0 0,3473 1.000300 
0.14101 1.000000 
3.0730 3,u0 0.14803 1.000000 
0.5573 1.030300 
0.0700 55.33 0.6226 3.5b5271 
fl.622o J.1791 
0.070 0.6226 
0.3700 711.J0 0.6226 3.361315 
3.3703 fl.b22 0.31147146 
1.O7iJ zD.U0 0.6226 3,2/6632 
r I 	 (thipHTEr 	WSuLTS 	 G4-i 0 
ST(ESS kLPJCTIUII FACTOR 
.;4LLS 1 Li 	C BLE CURVATUFIE 
E  v 
1.000000 
1.000003 
7.uO 0.0111 1.0U0000 
fl.U13 1.ULi0000 
0.LihOil '.uU  1.OU0003 
1J.UU 0,0103 1.000000 
11,00 0,0209 1,000000 
i.UU 0.023'D 1.000000 




0.0003 17,30 0.0392 1.000000 
18 • fl 0 • 
 




j.0300 1.) U,u57 1,000000 
0.000 .uo f,U,46 1.Ou0000 
1, 0UO3 00 
25.03 0,0755 1.000300 
3.0 2 	1'r b.U0 0.U81t 1.0U0000 
27,03 0,0852 1.300000 
25.03 o • u95q 1,003000 
29,oO [.1032 1,000000 
0.1117 1.000300 
[.0500 1.u0 0,120 1,000000 
[.0300 32,d[ 0.1311 1,000000 
0.0800 6 4 . Lj 0 0,1422 1.000000 
0.154 1.000000 
fl.uOOr 65,00 fl,167i 1,000000 
3,1825 1.000000 
0.0800 37.uO 0,1987 1.000003 
65,33 0,2134 i.ou0000 
0,2358 1,000000 
40.00 3,2569 1,000000 
3.uhOO 42 • Ufl 11,6045 1.000000 
0.595 1.000000 
0.0830 6.u3 0.421B 1,030000 
3.0930 40.00 0,4911 1,000000 
0.0830 D0.LO 0,533 1.OUOL100 
55.Ju 0,6133 0,5750h 
0 • 38Ou 60, Lu 0 ,5153 U ,47665 
3.0JJ] e5.t'U 0.8163 3.406322 
7(!.0 fl,e168 3.303L+9 
0.0'UO 7b,0 fl,b168 0,305193 
fl.08JU U.J3 0.616 0.23236 
F I 	L. 	C U-PUTEC) 	KLSUL TS 	 C4-11 
STLSS EflLCTIQ[ FRCTCJR 
..'d-LS U . 	 [JfluBLE CUPVATURE 
L/T PHi' V 
5.00 0.007. i3 Ou0000 
fl.Ofl9r, 1.000000 
7.Ua 1;.012fl 1,ou0000 
ID 	06,00 0.0145 1.000000 
fl.090 .00 0,u171 1.000000 
10.00 0.U19' 1.0U0000 
0.090? 11.00 0.0227 1.000000 
12,00 il.0257 1.000000 
1.5,Uu Q.(J28; 1.000000 
0,0321 1.000000 
00 0.0355 1.000000 
0.0391  1.OUOCQD 
11.00 0.0429 1.000000 
0.090? 15.00 fl.046 6 1.000000 
0.U0C 19.03 0.0510 1.000000 
0.u55 1.000000 
21.00 0,u tD U2 1.000000 
0.o930 22.00 0,0652 1.000000 
O • /3.00 P • 0705 .1 • 000000 
2'4,0 Ll 0.07G2 1.UU0000 
25U0 0,0823 1.000000 
0.UL'fl 26.00 0,U8c9 1,000000 
0.0900 /7.Ou 0.0960 1.000000 
0.0900 fl.1u.'6 1,000000 
0.1118 1.000000 
0.090? 30.U0 0.1208 1,000000 
c.u90: 0 0.1305 1.ouco00 
0.0900 32,U fl.IL411 1.000000 
0.0900 33.00 0,1527 1.000000 
0.1653 1.000000 
0.0900 0503 0.1791 1.000000 
0.0500 0.1942 1.000000 
0,0900 7.00 0.2106 1.OU0000 
o • 0900 35.00 0,2286 1 • 000000 
P.U9Cj 69.00 0.241 1.000000 
3.U0 0.2692 1.000000 
0.0-700 42,10 0.3167 1,000000 
44.00 0,3712 1,000000 
• 4,•  01 0,4329 1,000000 
0.U90 '+6,00 0.5014 1.0110000 
0.0930 50.00 0.5763 1.000000 
0.6111 0.50253 
0.0900 60,110 f- .bla: U.42366 
65,00 0.6111 0.393968 
0.0000 70.00 P,blll 0.339697 
0.6111 U.25914 
0 • L; 	CU Uu 0.6111 0.260081 
04 -1 
FIi;AL 	CO'PuTEfl 	kLSULTS 
STFLSS F-EflUCTIOrj F1\oTUP 





0,lt 0.00 0.0101 1.OU0300 
fl.I U 0 Cj 0.0128 1.000003 
0.I000 .U0 1;.0155 1.000000 
.1.1030 ,U[j 0.0184 1.000000 
0. L) 2 14 1.000000 
.1U0P 11.00 0.0245 1,000000 
0.1000 12.00 0.11277 1.000000 
0.1000 1..00 0,0311 1.000000 
0.1000 14.0U 0,0347 1.000000 
o.100C 15,00 0,0384 1.000000 
0.1000 1o.t'O 0.0423 1.000000 
11.1000 17.03 (.046L 1.000000 
lb.Uu 0,0507 1.000000 
0.1003  0.0552 1.000000 
0.1000 20 .00 0.O6.)U0 1.000000 
0.1000 21,11.) 0.J651 1,000000 
0.100.3 22,01) 0,o7U4 1,000000 
C.U7h2 1,000000 
24.00 0.0623 1,000000 
0.1300 25,00 n.080( 1,000000 
p,0957 1,000000 
27,03 C,10.? 1.000000 
n.1113 1.OU0000 
fl.1200 1.000000 
0,1000 30.U0 0.1294 1.000000 
3,1003 .1 • uo 6.1390 1.000000 
C.IuiJC, .2.'J0 3.15UE 1.000000 
o.loo: 3,Uu 0.125 1,0u0000 
0.1003 4.00 0.1756 1,000000 
0.1897 1.000000 
.U0 0,2051 1.000000 
fl.i003 .7,U0 fl,218 1.000000 
35.00 3.239 i3 OU0000 
0.1003 39,l11 0.2595 1,000000 
40.00 0,2807 1.000000 
1.0.10300 
0.1003 44.00 0.3623 1.000000 
001103 4b.110 0.4454 1,000000 
0.1000 4.U0 0,5112 1.000000 
0.1(100 u.U0 G.55 1.000000 
0.1000 5.C10 0.b055 0.5.3502 
0,1003 60,1)0 G.6fl5 5 3.44829J 
.1003J 5.Uu 3.b055 0.3b17 
0.1000 7U.uj 3,b055 3.329356 
0.1003 b0.00 0.6055 3.22163 
C4 -13 
FiL,L 	CUi.T[D 	RLSULTS 
ST..SS O'LflLCTlOii FACTOR 
.ALL.S Iij DOJL3LE CL.i1ViTURL 
L/1 ruT PHY V 
fl,lluI 5,3)) fl,Q0èiJ 1.000000 
0.1100 6.1)0 0,1)107 1,000000 
0,1103 7.00 0,0135 1.000000 
3.1103 3.03 0.014 1.000000 
o.:Liuj 9.JIJ 0.0195 1.000000 
3.1100 1o.uo :1.0227 .i.ouocuo 
0.113(1 11,00 0.0261 1,01)0000 
0.1103 12,00 0.029b 1,300000 
0.1130 13.j (1.0333 1,01)0000 
14,00 fl.u371 1.000000 
0.1132 15,'0 (1.0411 1.000000 
0.110: 16.00 fl.053 i.ouc000 
0.1100 17,03 0,0497 1,000000 
0.11)fl 1.uU 0.0543 1.01)0000 
0.0591 1.000u0O 
~-U.U0 fl,U643 1,01)0003 
o.i1110 21. lo d 3.0697 1.OU0000 
3,0754 1.003000 
0.1103 26.00 0.0615 1,01)0000 
0.0840 1,000300 
3.1100 25.'Jt) 0,u949 1.01)0000 
0.1100 do.i0 0,1022 1,000000 
C.11:Jo 27.0 0,1101 1.0u300() 
,U0 o.110 1.000000 
0.1133 
 
213.uj 0,1277 1.01)0000 
0.1133 60.00 O,t.375 1,01)0000 
n.11uo 61,jj 0,1483 1.01)0000 
0,1103 0,1594 1,01)0300 
0.i13 3.uu 0,1716 1.01)00130 
0.1100 - 	 0.151 1.01)0300 
0.1100 5.00 O.Iq90 1.01)0000 
3.1100 56.o3 fl.215? 1,000000 
0.1103 7,UJ 0.2322 1.01)0000 
0.1103 38,1)1) 0,25Uo 1,0000131) 
0.1103 69.1)0 0,2702 1,01)0000 
0.11U0 431)3 0.2915 1.000000 
0.1iO 42,03 0,3389 1,003000 
0.1100 0.3928 1,01)0000 
0.1100 46,1)11 0,4565 1.01)0000 
0,1100 '+ •1IU 0,521)7 1.000000 
0.11110 50.13 0,5+3 1,01)0000 
0.1100 55.01) 0,601)1 1,517246  
0.1103 oO,33 0,601)1 3,434632 
3.1100 5.UU 0,o3U1 0,310337 
O • 11 uI f 3 • 33 0 • ofl U  • 319321 
3.1100 75.Uu 0,6001 0.276164 
0,6001 i).24433 
C4 -14 
F I:.I!L 	COPUTEL' 	- <LSLJLTS 
ST-SS L'CTIO F?LTOr 
!\LLS 10 [ifl?hLE ClP\f/TLJRL 
t./T H/I PY V 
fl,()Q Ili 3 1.1u0000 
fl.12JJ (,.U0 0.iJ111 1.OU000LI 
fl.L141 1.003000 
D.123'l fl.u173 1.0U0000 
0.U20o 1.000000 
fl.12j iu.Uti fl.0243 1.003000 
fl.027E 1.000000 
fl.120. 12.;ij fl.[J31 1.000300 
n.i2Ur 15.UI) 3,0353 1.Uu0000 
14.U0 0.03914 1.000000 
J.1214) 15.uO 0.043rd 1,000000 
0.12Cjj lb.UL 0.U+1 1,OU0000 
u5b i.00000u 
Id S UD 0.u574 1.003300 
0.123:; 19•Jj 3,0h29 1.0001100 
3.1Jn 0,3603 1.303300 
0.1201 21.U0 3,0741 1.OU0000 
3.3601. 1.030300 
0.1 26. 0.U8o6 1.000003 
0.1200 24.Uu 3.0934 0,9'6679 
flifl d5.uo 0.1006 3.91016 
0.1231 .33 o,134 0.b5845 
27.uU 0.1166 0.91105 
0.12:0 0.1255 j.9l1O5 
0.1230 ?9.0O n,135o 3.951105 
.22O 0.00 0,1451 0.91105 
0.1231 i.ju 0.15tJ. 0.9E1105 
P.l2uo 0,1h78 3.96110 
fl.120j 0.1835 3.981105 
0.1.230 40rJ 0.1942 0.931105 
0.1200 .uu 3.2j39 'J.9h1105 
0.1230 66.00 11.2248 Q.91105 
0.1233 67.UO i1,423 J.311D5 
fl.12jj c.uU 3,2635 j.9& 1105 
9,OU 0,2304 0.9311.05 
2.1201 0,017 3,931105 
42,03 0..491 j.91135 
+4,U0 0.'402t 3.981105 
0 	0 46.Vu 0.4631 0.981105 
ti,5298 .i.&1105 
50.u2 947 3.606797 
0.1205 5.00 0597 3.50114135 
J.12 fl ou.Uj 0.5947 3,421387 
j.12U ob.Uu 3.597 Ti.39052 
C.120 7(i,li 3 3,947 3,309590 
1.1200 TD.UJ 1.5947 
3.1203 3.Lj 3.27030 
C4 -15 
CJ)PJTfl 	-<LSULTS 
STLE.SS h.EfltJCTIOIJ FICTOF 
LLLS I 	DO' )3LE CUP ViTU)'L 
L/T uT PHY 
0.1300 b.UU 0.0084 1.0U0000 
1 3jfl 0.0115 1.0U0°O0 
7.ufl 0.0147 1.0u0000 
.1303 0.0180 1.000000 
3.1500 9.ju 0 	J 2 15 U0001) 
0.1300 18.03 0.0252 1.000000 
o.1333 11.00 0.0290 1.000000 
1.000000 
0.1300 16.00 0.0372 1.000000 
0.1300 0.0415 1.000000 
0.1500 1D.Uu 0.0460 1.000000 
I El 	Cl 0.0503 1.000000 
17.80 0.U57 1.000000 
13.03 0.U60'i 1.000000 
fl.133 19•J3 0.U664 1,0U0000 
0.UU 0.0722 0.9140 
0.1300 21.J'J 0.072 0.93147 
0.0846 J•915755 
0.0914 3.9b9102 
0.138) 24.0 0.09db 0.9b3fl2 
0.1383 0,1061 
0.1142 
27 ,80 0.1223 394 	34  
0.1300 0.1326 0, 4 8034 




0.iUC 1,00 D,lt3h 
0.1303 -2.;JD 0.1757 0.940034 
0.1303 6.LIJ 0.1837 )C4034 
0.1303 64,t3 o.2327 0.98034 
3.1303 b . U 0 0.177 0,9i3334 
Jz 0.2339 3,943034 
0.13tJj 37.1)0 0.2513 3 • 948334 
3.1303 .So.U0 0.299 3,943334 
0.1300 39.83 0.2399 
J.130 0,u3 0.3114 J • 943034 
0.1333 42uj 0.657 
0.1500 
 0,948034
44 	H5 0.4123 0.9B034 
0.1303 4b.Ufl 0.4723 
0.1303 
 0.948034
4 .U0 0.5386 3 • 948034 
3.1303 50.10 3.5395 3.5i6311 
0.130 0  55.80 0.5896 0.46207 
68.03 0,5896 3,400549 
hb.ui) 0.5896 8.048113 
0.1303 iu.00 n.589 0.300159 
0.1380 15.08 0.D696 3,281471 
0.5396 0.243309 
C4 -1 
f iL CUPiT[fl RLSULTS 
ST-ESS KLflHCTIcJN FACTOR 
iLLS lii 5OtULr Ct.JrVhTU 
LIT il/i P 11  V 
0.14I 5.U0 fl,U0P. 1.000000 
0.0119 1.000000 
14 J 7,0.) 0.u15 1.000000 
0,00 0,0137 1.'OUOOUO 
0,140' Lj.U) ',u224 1.OuC000 
0.1400 fl.iJ263 1.000000 
1 14 1) 11.u1j 0,0303 1,000000 
G.140u 12,U 1.0345 1,003030 
0.1400 13.uU 0.u339 j.3u13Q00 
0.1403 14.uU 0,0435 1.ou0000 
0.1400 15.00 0.0+63 1,000000 
16.0 L1 0.0533 1.000000 
¶1.1400 17,1;u U.056 3.959907 
0.1400 ld,uU 0.0640 3,978261 
0.1400 1',U 0.0r93 0,968071 
0.14JC cU.U0 0.0758 0,959080 
C'.l'-tUO 2.UU 0.951088 
0.1400 2.uU 0.Oso3 3,943937 
0.1403 .u0 0.0960 0.937501 
0.1403 24.00 0.1035 3,961678 
U . 14 U u u 0,111-+ 0.92634 
0.1400 26,1u 0,119 0,521551 
0.1400 27,00 I'12P7 3917120 
0.1403 2,0j 1.1383 0,913044 
3.143 0 2 '.Uu 3.11484 0.9130+4 
0.11403 30,uj 0.1c593 3,913044 
14 'D D1,U3 0,17u9 3,913304(4 
32.u0 0,1333 0,913044 
0.1400 33,03 0,1966 0,13344 
0.2138 3,913044 
0.1403 5.U0 ('.22t1 0.91304 
.uo 0.2425 0,913044 
0,1403 57,U0 0,2601 3•913p44 
0,1403 6.U0 0.2789 0.913044 
0.1408 69,013 0,2990 - 	0,913344 
40.00 0,3206 0,913044 




0.1400 4h,LiO 0.4311 0.913044 
3.1403 4S,Ui) 0.5471 0,913044 
0.5845 0,5/0402 
55,03 0.5845 0,411407 
0.1400 0.5345 3,396113 
3.140; D,C0 0,337516 
-3.1423 7iU0 3,5345 J.21022 
0.1400 75.0 0,5845 0,253512 
iu,uJ 0,5545 3,222813 
C4 -17 
rIJL 	cuIPHTEni LSULTS 
STFLS IE71CTIor F1CTuR 
SI 	.)Jh$LE CJ  ' 
L/T i/I Ptiy V 
'.1J091 I.OLJOI)OC 
).U123 1.0u0000 
fl,153C. 7.u0  3,0157 
5,fl(J fl.C194 1.000300 
Lj 0,0233 1 	300UO3 
lu,ur '.u27.3 IflU0100 
o.ison 11,u 6.0316 1.UUC000 







0.1561 17.00 0.0612 3,986L47 
0.1533 1&..U0 O.0o73 0,947359 
3.0730 
3.15 2 3 2,uv 0.1793 J.925793 
3.1533 J.,UU 0,L1&60 0,921053 
3.914123 
3.1530 2,LJL 0.1003 0.9u7895 
3.1533 4.UG 0.1031 3.902256 
3.1523 25.LJL 31,1164 3.C7129 
13 3,1251 
6.15Cj 7.uu 0,13L 4 0 • 815B 
3.1523 2b,00 .1442 0.4211 
0.1533 29,03 3.1547 3.6c'4211 
0.25:3 3.156 3.4211 
3.15*3 r.1777 3.854211 
3.15O 52.0 o 0.1904 J.d54211 
0.2040 0.274211 
0.2185 
0.150: 35,0j 0.2341 
0.1533 36.00 0.2507 0.C84211 
3.150: D7.33 0 0.eV4211 
0.1503 8.U0 0.2874 3,5t4211 
0.1533 0.3077 
3.15J3 4U.U0 0'.293 
3.1503 1+2,uu 0.3763 
0.1503 L+i.f.IJU 0.4302 
3.1533 4e.0U O.696 J.L4211 
0.150 2 43.oU 0.5552 0.834211 
n.796 
3.1501 55.00 0,5796 0,1+57077 
2.5796 1.331+372 
0.1523 b5.03 o.571 6 1,327257 
iu.U3 0.5796 
75.011 0.5796 J.245206 
0.1520 njO.1)0 0.5796 3,215040 
C4 -18 
r I 	AL 	C 	T ELF 	r'LSUL1 S 
STLSS LUCTIOH FACTOR 
.:ALL 	1i,  D1 013LE CUP VATU1 
L/T 	 ill/  T 
5.U0 r).j092 1.0U3000 
.00 0.012" 1.0UC00 
0.U162 1.OU0000 
h.uJ (3.0203 1.0u0000 
1. .u3 0.J24: i..CU0300 
1J.uu 0.U23 1.OU0000 
ll.Ou 0.0327 1.0U0000 
12.u0 0.0374 1.0U3000 
0.iO3 16.it 0.0422 0.994393 
0.1600 14.00 0.0473 0,9/4026 
0.1L03 15.u[i 0.u525 0.956633 
o.1630 lt.LI0 0.0580 0,941916 
0.1bJD ui.uQ 0.0638 0.9L9301 
10.13 fl.u696 0.13368 
19.00 0.0761 0.908801 
r.a600 2j.00 0.0827 3.900361 
J.lc.J0 ?1.[10 fl.J896 ,P92F52 
22.00 0,0959 0.56145 
0.J.1)45 
0.1126 3.574636 
o.lSor ?5.U0 1.1211 0.9667 
0.1302 3.555129 
O.100 Z 7.t0 0.1397 3.30970 
0.1499 0,357143 
3 • it,3:j ?'9 .10 0, 1606 0,1157143 
0,1721 0,857143 
61 	UL) 0.1643 0.87143 
3.1600 .D2,00 0.1976 0.857143 
r,2111 0.57143 
34.00 0.2259 0.87143 
35.uu 0.2416 0.37143 
0.1LIC 6,J0 C:.654 0.b7143 
0.16u( 37,00 I,2974 0.cS7143 
0.1500 36.00 0e3177 0,357143 
3,67143 
0.0600 0.00 0.6868 Q,E7143 
0.1600 42,00 0.4402 J,c7143 
0.4996 J.7143 
3.1600 46.UO 0.5654 0.857143 
3, 100 (3(3 0 • 5746 3, 531907 
J.1t3j 0.J0 fl.  573 3,536235 
C.10i 55.u0 0.5748 0.3211 
3.1630 o.J6 3,5748 3.372421 
0,1603 tD.UQ 0,5743 0.317329 
70.33 0,5748 0,273615 
15.3 0.5748 3,28349 
fl.1c0Tj d J.1i0 0.5745 0.2U986 
TOP 
96 1,ryTF:s JsE 	j3 -SiLl' KETURM CODE 	0 
.LH Ju -i2 	10:34 20 JO 7 
CTCTL3/ 
C5 -1 
L.R.C.L. FORTRAN COMPILER RELEASE 8 VERSION  
1 C STRESS REDUCTION FACTORS 
2 C WALLS IN iJOUBLE CURVATURE 
3 C PROGRAMIIER: 	AUNAN 	A. 	AWNI 
4 C 
5 REAL 	E(18) 
6 REAL SLENU(47) 
7 001 1'01`AT(9F8.4) 
8 1)02 FORtAT(10F8.3) 
9 003 FORMAT('l'.// 	T21,'FINAL 	COMPUTED 	RESULTS'!) 
10 004 FORNAT( 	22X9 9 WALLS 	IN DOUBLE 	CURVATURE') 
11 005 FORMAT( /13X9 'LIT' 12x 	'HIT' ,10)(v'PHY' '13X 	'v'/) 
12 1)06 FOR1AT( 	12x9F6.1+,8X,F6.2,8x,F6.14,8,r8.,) 
13 007 FORMAT( 23X,'STRESS 	REDUCTION 	F.CTOR'/) 
14 008 READ(5,1) 	(L(I)I1918) 
15 009 READ(5I2) (SLEL.Jfl(J),Jz1,1+7) 
16 1)10 00 280 	11,18 
17 011 00 	260 J1 147 
18 012 REALK( (SLEND(J) )/(2.0) )**2*( (1.0)1(55.5)) 
19 1)13 IF(SLEN[j(U)10)55,14,14 
20 014 A16.655 
21 015 B33,31E(I)-(33,31) 
22 016 IF(B)17,1919 
26 017 BPoST-(B) 
21+ 016 GOTO 20 
25 019 BPoST(B) 
26 020 C'(16.655*(E(I) )**2)+( (9.0)1(6.0) )*REALfr 
27 1)30 XROOT(BF'0ST**2)_(4.0*(A)*(C)) 
28 031 IF(XROOT)160932,32 
29 032 PHY1((b)+(BPOST**2_4.0*(A)*(C) )**0.5)/1 2.*(A) 
30 033 PHy2((h)(bPOST**2_4.0*(A)*(C) )s*0.5)/(2,*(A)) 
31 034 PHyB 	((1 • -E (I)) + (4 • *E (I) **2-2 • *E (I) +1 • 
32 1x*0.5)/(3.0) 
36 035 IF(PHY1)70i3636 
34 036 IF(PHY2)37'37,39 
35 037 PHy23 
36 038 GOTO 42 
37 039 PHY2PHy2 
38 040 PHy1Irj=(F'NY1-PHY2) 
39 041 IF(PHYMIN)42,42,51 
40 042 pHy1pHy1 
41 050 GOTO 57 
42 051 PHy3.=PH 2  
46 052 IFPHY1)53957957 
44 053 PHy1-PHY1 
45 054 GOTO 57 
46 055 PHY1=(9,*REALK*(SLEIJD(J)/2.))/((8.*((SLEIJD(J)/2.)_1.5)) 
47 1 33.31*(1.-2.*E(I))) 
48 056 PHyS=((j.Q-L(I) )+(4.0*E(I)**2-2.0*E(I)+1.0)*0.5)/(3,0) 
49 057 CHECK1(PHY1-PHYB) 
50 058 IF(CHECK1)5970,70 
51 059 PHYPHY1 
52 060 GOTO 72 
53 070 PHYPHYB 









63 072 CHECK2PHY-E(I)) 
64 073 IF(CHECR2)7471490 
bb U74 
66 2/ ( (SLENU) (U) /(2 • 0)) 	(1.5)) 
67 075 VMAX1.0 
68 076 IF(v1VNAX)77,77,79 
69 077 Vv1 
70 078 GOTO 200 
71 079 VVf"AX 
72 080 GOTO 200 
73 090 v2= 	(9.0)/(8.0) )*( (1.0( (E(I)+PHY)**2)/(2.0*PHY) 
714 100 VMAX=1.0 
75 110 IF(v2_vAX120,12U,1140 7 6 
120 Vv2 
77 130 GOTO 200 
78 140 VVMAX 
79 150 GOTO 	200 
80 160 PHy( (1.0-L(I) )+(14.*E(I)**2-2.*E(I)+1,O)**O.5)/(3.0) 
81 170 CHECK3(PHYE(I)) 
82 180 IF(CHECK3)190192192 
83 196 Z=(33.31*PHY)*( (1.-2.*E(I ) )**) 
814 191 GOTO 193 
85 192 Z33.31*PHY*(1._((E(I)+PHY)**2)/(2.*PHY))*2 
86 193 V3=Z/REALK 
87 1914 VMAX1.0 
88 195 CHECK14(V6-VMAX) 
89 196 IF(CHECV4)197197,199 
90 17 V\/3 
91 198 GOTO 200 
92 199 VVMAX 
93 200 Ir(SLE1JD(U)-5.0 )210,210 ,250 
94 210 WRITE(696) 
95 220 ITL(697) 
96 230 RITE(6,14 ) 
97 2140 WPITE(6,5) 
98 250 tRITE(696) 	(E(I),SLENfl(j)'PHYV) 
99 d0 CONTINUE 
100 270 STOP 
101 280 END 
1 C END OF PROGRAM 
2 C INPUT DATA FOI( ABOVE PROGRAM 
3 C ECCENTRICITY/WALL THICKNESS 'Eli' 	VALUES 
4 C .1666 .18 	920 	.22 .214 .26 .26 .30 
5 C .14 36 .38 •LfQ .2 .14+ .1+6 648 
6 C SLENDERNESS RATIO 	'HIT' VALUES : 
7 C 5.0 6.0 	7.0 	8.0 9,0 10.0 11.0 12.0 13.0 
8 C 15.0 16.0 17.0 b.0 19.0 20,0 21.0 22.0 23.0 
9 C 25.0 26.0 	27,0 	28.0 29.0 30,0 31.0 32.0 53.0 
10 C 65.3 30.0 37.0 38,0 39.0 140,0 42.0 (44,3 460 
11 C 50.0 52.0 	514,0 	56,0 58.0 60.0 65.0 70.0 7,0 
12 C END OF INPUT DATA. 
COUE+GLA+SYMTABS+ARRI\YS = 666++ 680+ 296+ 264= 490' BYTES 
tCOMPILATIOIJ SUCCESSFUL 
C5 -3 FINAL 	COIIPUTEfl 	RESULTS 
STRLS REDUCTION FACTOR 
ALLS III DOUBLE CURVATURE 
LIT H/T PHY V 
0.1666 5.00 0.0143 i.0U0000 
0.1666 6.00 0.0164 1,000000 
0.1666 7.00 0.0196 1.OLJ0000 
0.1666 8.00 0.0234 1.000000 
0.1666 9.00 0.0277 1.000000 
0.1666 10.00 0.0357 1.000000 
0.1666 11.00 0,0397 1.000003 
0.1666 12,00 0.0441 1.000000 
0.1666 13.00 0.0489 0.975195 
0.1666 14.00 0,0542 0.954736 
3.1666 15,00 0.0599 0.937687 
0.1666 16.00 0,0660 0,923261 
0.1666 17.00 0.0726 0.910896 
0.1666 18.00 0.0796 0.900180 
0.1666 19.00 0.0871 0.890803 
0.1666 20.00 fl.0951 0.382529 
0.1666 21.00 0.1036 0,875175 
0.1666 22.00 0.1126 0,68595 
0.1666 26.00 0.1222 0.6b2673 
0.1666 24.00 0.1323 0,657314 
0.1666 23.00 0.1430 0,552443 
0.1666 26.00 0.15143 0.847996 
0.1666 27.00 0.1663 0.83919 
0.1666 28,00 0.1790 3.749668 
0.1666 29,00 0.1924 0,748207 
0.1666 30.00 0.2065 0.745807 
0.1666 31,00 0.2215 0.742491 
0.1666 32.00 0.2374 0.7.5276 
0.1666 33.00 0.2542 0.733164 
0.1666 34.00 0.2721 0.727144 
0.1666 35.00 0,2911 0.720193 
0.1666 36.00 0.31114 0.712271 
0.1666 37.00 0.3331 0.703318 
0,1666 38,00 0.3565 0.693252 
0.1666 69,00 0.3817 0.681955 
0.1666 40,00 0,4092 0.669261 
0.1666 42.00 0.4727 0.68631 
0.1666 44.00 0,5546 0,597470 
0.1666 46.00 0.5718 0.5147067 
0.1666 48.00 0.5718 0,502428 
0.1666 50.00 0,5718 0,463037 
0.1666 55.00 0.5718 0,382676 
0.1666 60.00 0.5718 0.321554 
0.1666 65,00 0.5718 0,273987 
0.1666 70.00 0,5718 0,236244 
0.1666 75.00 0.5718 0.205794 
0.1666 80.00 0,5718 0,160574 
FINAL 	CUMPUTEn 	RESULTS  
STRESS HEDUCTIOIJ FACTOR 
WALLS IN DOUBLE CURVATURE 
L/T H/T PHIY V 
0.1800 5.00 0,011+9 1.000000 
0.1800 6.00 0.0171 1,ouc000 
0.1800 7.Uo 0.02014 1.000000 
0.1803 8.00 0.0243 1.000000 
0.1800 9.00 0.0289 1.000000 
0.1800 10,00 0.0392 1.OU0000 
0.1800 11,uo 0.01434 0,990000 
0.1800 12.00 0.0479 3.960000 
0.1800 16,00 0.0528 3,9.6000 
0,1603 14,00 0.0582 0.916364 
0.1800 15.00 0.0640 0,900000 
0.1800 16.00 0.0703 0.86154 
0.1800 17.00 0.0770 0.874286 
0.1800 18,00 0,0842 3.864000 
0.1800 19,00 0.0919 0,655000 
0.1800 20.00 0.1001 0,847059 
0.1000 21,00 0.1088 0.840000 
0.1603 22,00 0.1180 0,833684 
0.1300 23.00 0.1279 0,628000 
0.1800 24,00 0.1383 0.822857 
0.1803 25,0 0,1493 0.618182 
0.1800 26.00 0.1610 0,813913 
0.1800 27.00 0.1733 0,810000 
0.1800 28.00 0,1864 0,719577 
0.1800 29,00 0.2002 0.718850 
0.1800 60.00 0.2149 0.716814 
0.1800 61,00 0,2304 3,713793 
0.1800 32,00 0.2469 0.709801 
0.1800 33.00 0,2641+ 0,704835 
0.1800 64,00 0.2831 3,698862 
0.1800 35,03 0.3030 0.691903 
0.1800 36,00 0.3243 3,683564 
0.1800 67.00 0.473 0.674673 
0.1803 38.00 0,3721 0.664227 
0.1800 39,00 0.3990 3.652369 
001800 1+0.00 0.1+286 0,638878 
0.1800 42,00 0.4986 0.605466 
0.1800 44,00 0.5658 0.55871+3 
0.1800 46.00 0.5656 0,511213 
0.1803 1+8,03 0,5658 04b9499 
0.1803 50,00 0.5658 0,1+62690 
0.1800 55.00 0,5658 0,357595 
0.1800 60.00 0,5658 0,300480 
0.1800 65.00 0.5653 
0.1800 70.00 3.5658 0.220760 
0.1800 75.00 0,5658 0,192307 
0.1800 80,03 0.5655 0.169020 
FIliAL 	COMPUTED 	RLSULTS 	 CS -5 
STRESS hEDUCTION FACTOR 
JALLS Ill DOUBLE CURVATURE 
LIT H/T PFIY V 
0.2030 5.00 0.0158 1.000000 
0.2000 6100 0.0183 1.000000 
0.2000 7.00 0.0217 1,000000 
0.2000 8.00 0.6260 1.000000 
0.2000 9.00 0.0308 1,DU0000 
0.2000 10.00 0.0453 0,9b4286 
0.2000 11.00 0.0495 0.928125 
0.2000 12.00 0,0542 0,900030 
0.2000 13.00 0.0593 0.877500 
0.2000 14.03 0.0649 3.859091 
0.2003 15.00 0.0709 0,643750 
0.2000 16.00 0,0774 0,8.50769 
0.2000 17.00 0.0844 0,819643 
0.2000 18,00 0,0919 0,810000 
0.2000 19,00 0,0999 0.801562 
0.2000 20,00 0,1084 3.794118 
0.2000 21,00 0,1175 0,77500 
0.2000 22.00 0.1271 0.71579 
0.2000 23.00 0,1374 0.776250 
0.2000 24,03 0,1483 0,771428 
0,2000 25.00 0,1596 0.767045 
0.2000 26,00 0.1721 0,763343 
0.2000 27,0U 0.1850 0,759375 
0.2000 28.00 0.1988 0.756000 
0.2000 29,00 0.2134 0.6(4527 
0.2000 30,00 0.2289 0.672948 
0.2000 31.00 3,2454 0,670279 
0.2000 32.00 0.2629 0.6b6525 
0.2000 63,00 0.2817 3.661677 
0.2000 64.00 0.3017 
0.2000 35.00 0.3233 0.648563 
0.2000 36.00 0.3465 0.640162 
0.2000 37.00 0.3717 0.630394 
0.2000 38.00 0.3992 3.619086 
0.2003 39,00 0.4296 0.605984 
0.2000 40.00 0.4636 0.590697 
0.2000 42.00 0.5485 0,550468 
0.2C00 44.00 0.5573 3,501675 
0.2000 46.00 0.5573 0,458999 
0.2000 4,U0 0,5573 3,41546 
0.2000 50.00 0.5573 3.356497 
0,2000 55.00 3.5573 3.321372 
0.2030 60.00 0.5573 0.269790 
0.2003 65,00 0.5573 0.229880 
0.2003 70.00 0.5573 3,198213 
0.2000 75.00 0.5573 0.112665 
0.2003 80,uO 0.5573 0.151757 
C5 -6 
FINAL 	COMPUTED 	RLSULTS 
STRESS REDUCTION FACTOR 
WALLS iN DOUBLE CURVATURE 
L/T H/T PHI V 
0.2200 5.00 0.0170 1,000000 
0.2200 6.00 0.0196 i.OU0000 
0.2200 7.00 0,0233 1.000000 
0.2200 8.00 0,0278 1.000000 
0.2200 9.00 0.0330 0,945000 
0.2200 10.00 0.0523 0.900000 
0.2200 11.00 0.0567 3.866250 
0.2200 12,00 0.0615 0,840000 
0.2203 13.00 0.0669 0,819000 
0.2200 14,00 0.0726 3.801818 
0.2200 15.00 0,0789 0,787500 
0.2200 16.00 0,0857 0.775385 
0.2200 17,00 0.0929 0.765000 
0.2200 1,00 0.1007 3.756000 
0.2200 19.00 0.1091 0,748125 
0.2200 20.00 0.1183 0.741176 
0.2200 21.00 0.1275 0.735000 
0.2200 22.00 0,1376 0.729474 
0.2200 23,00 0,1483 0,724500 
0.2200 24.00 0.1597 0.720000 
0.2200 25.00 0.1719 0,715909 
0.2200 26.00 0,1648 0.712174 
0.2200 27.00 0,1985 0,708750 
0.2200 28.00 0.2130 0.705600 
0.2200 29,00 0.2285 0.629821 
0.2200 30.00 0,2451 0.628559 
0.2200 31.00 0,2627 0,626096 
0.2200 32.00 0.2816 0.622427 
0.2200 33.00 0.3018 0,617523 
0.2200 34,00 0.3236 0,611332 
0.2200 35,00 0.3472 0.603770 
0.2200 36.00 0,3730 0,59470 
0.2200 37,00 0,4012 0,583950 
0,2200 38,00 0.4327 0.571200 
0.2200 39.00 0,4682 0.555983 
0.2200 40.00 0.5095 0.537474 
0.2200 42.00 0.5494 0.489998 
0.2200 44.00 0,5494 0,446465 
0.2200 46,00 0.5494 0.408486 
0.2200 48.00 0.5494 0,375155 
0.2200 50,00 0.5494 3,35742 
3.2203 55.00 0.5494 0.285738 
0.2200 60.00 0.5494 3,240099 
0.2200 65.00 0.5494 0.204581 
0.2200 70,00 0.5494 0.176399 
0.2200 75,00 0.5494 0.153663 
0.2200 80.00 0.5494 3,135056 
C5 -7 FINAL 	COPUTEfl 	RLSULTS 
STRESS REDUCTION FACTOR 
WALLS IN DOUBLE CURVATURE 
L/T H/T PHY V 
0.2400 5.00 0.0183 1.000000 
0.2400 6.00 0.0211 1.000000 
0.2400 7.00 0.0251 1.000000 
0.2400 8.00 0.0300 0.966000 
0.2400 9.00 0.0355 0,877500 
0.2400 10.00 0.0603 0,835714 
0.2400 11.03 0,0649 3.604375 
0.2400 12,00 0.0699 0.780000 
0.2400 13.00 0.0755 0.760500 
0.2400 14.00 0.0815 0,744545 
0.2400 15,00 0,0880 0.731250 
0.2400 16.00 0.0951 0,720000 
0.2400 17.00 0.1027 0.710357 
0.2400 18.U0 0.1108 0,702000 
0.2400 19.00 0.1196 0.694688 
0.2400 20.00 0.1289 J,68235 
0.2400 21.00 0,1389 0.682500 
0.2400 22.00 0.1495 0,67736 
0.2400 23.00 0.1608 0,672750 
0.2400 24.00 0.1729 3.668571 
0,2400 25.00 0.1857 0,664773 
0.2400 26,00 0.1994 0.661304 
0.2400 27.00 0.2139 0.658125 
0.2400 28,00 0.2295 0.655200 
0,2400 29.00 0.2461 0.584916 
0.2400 60.00 0.2639 0,563787 
0.2403 31.00 0.2829 0,581337 
0.2400 32,00 0.3035 0,577536 
0,2400 66.00 0.3257 0.572327 
0.2400 34,00 0.3498 0,565615 
0.2400 35.00 0.3762 0,557250 
0.2400 36.00 0.4055 0,547005 
0.2400 67.00 0.4384 0.564515 
0.2400 68.00 0.4760 0.519170 
0.2400 39.00 0,5208 0.459832 
0.2400 40.00 0,5421 0.475891 
0,2400 42,00 0,5421 0.431647 
0.2400 44.00 0,5421 0.393298 
0.2400 46.00 0.5421 0.359842 
0.2400 48,03 0.5421 3.360480 
0.2400 50,00 0.5421 0,304570 
0.2400 55.00 0,5421 0.251711 
0.2400 50.00 0.5421 0.211507 
0.2400 65.00 0.5421 3,180219 
3.2400 70,03 0.5421 0.155393 
0.2403 75,03 0,5421 0.135365 
0.2400 80,30 0,5421 0.118973 
C5 -8 
FINAL 	CUMPUTEn 	RLSULTS 
STRESS hEDUCTIO(J FACTOR 
jALLS IN DOUBLE CURVATURE 
E/T HIT PH'r V 
0.2600 5.00 0.0198 1.000000 
0.2600 6.00 0.0228 1.000000 
0.2600 7,00 0,0272 0.945000 
0.2600 8.00 0.0325 0.864000 
0.2600 9.00 0.0385 0.810000 
0.2600 10.00 0.0695 0.711428 
0.2600 11.00 0.0743 0.742500 
0.2600 12,00 0,0796 0.720000 
0.2630 13,UO 0.0853 0,702000 
0.2600 14.00 0.0916 0.667273 
0.2600 15.00 0.0985 0.675000 
0.2630 16.00 0.1059 0.6b4615 
0.2600 17.00 0.1138 0.655714 
0.2600 16.UO 0.1224 0,648300 
0.2600 19.00 0.1316 0.641250 
0.2600 20,00 0.1414 3,635294 
0.2600 21,00 0,3.519 0.630000 
0,2600 22,00 0,1632 0.625263 
0.2600 23•UO 0.1752 3.621000 
0.2600 24,00 0,1880 3.617143 
0.2600 25.00 012016 0.613636 
0.2600 2b,00 0.2162 0.610435 
0.2600 27,00 0.2319 0.607500 
0.2630 28.00 0.2486 0.604803 
0.2600 29.00 0.2666 0,539908 
0.2600 60.00 0.2880 0.538675 
0.2600 31.00 3,3069 0,535973 
0.2600 32.00 0.3296 0.531734 
0.2600 33.00 0.3544 0,525845 
0.2600 34,U0 0.3819 0,53.8127 
0.2600 35,00 0.4125 3.508296 
0.2600 36,uU 0.4473 0.45882 
0.2600 37.00 0.4881 0,480044 
0.2600 68,00 0.5354 3,459034 
0.2600 39.00 0,5354 3.5796 
0.2603 40,00 0,5354 0,414279 
0.2630 42,00 0,5354 0.375763 
0.2600 44.U0 0,5354 0,342379 
0.2600 46,03 0.5354 0.313254 
0.2600 48,00 0.5354 3,287693 
3.2600 50.30 0,5354 0.265138 
0.2600 55,00 O.b35q 0.219123 
0.2600 60.30 0.5354 0,184124 
0.2600 65,00 0.5354 0,156687 
0.2600 70.00 0,5354 0,135275 
0.2600 75,00 0.5354 0.117839 
0.2600 80.00 0.5354 0.103570 
C5 -9 
FINAL 	COMPUTED 	RLSULTS 
STRESS HEDUCTIO FACTOR 
WALLS IN DOUBLE CURVATURE 
L/T HIT PHY 
0.2330 5.00 0.0216 1.OU0000 
0.200 6,00 0,0249 0.9'3000 
3.2300 7.00 0.0296 0.866250 
0.2800 8.00 0.0354 3.792003 
0.2600 9.00 o.o420 0,742500 
0.2330 10.00 0.0800 0.707143 
0.2800 11,00 0.0850 0.680625 
0.2830 12,00 0,0906 0,660000 
0,2800 13.00 0.0966 0,63500 
0.2800 14,00 0.1033 0.60000 
0.2800 15.00 0.1105 0.618750 
0.2800 16,00 0.1182 0.609231 
0.2800 17.00 0.1266 0,601071 
0.2300 18,00 0.1357 0,594000 
0.2600 19,00 0.1454 0.587813 
0.2800 20,00 0.1558 0,52353 
0.2800 21.00 0.1670 0.517500 
0.2800 22.00 0.1790 0.573158 
0.2800 2.3.00 0.1918 0,5b9253 
0.2800 24,00 0,2055 0,585714 
0.2800 25.00 0,2202 0.582503 
0.2800 26.00 0,2359 0.559565 
9.200 27.00 0,2529 0.56375 
0.2800 28.00 0,2712 
0.2800 29.00 0,2909 0.494770 
0.2800 30.00 0,3124 0.493113 
0.2800 61.00 0.3356 0,489782 
0.2800 32.03 0,.361 0,44636 
0.2800 3.3.00 0,3904 0.477448 
0.2303 34.00 0.4229 0.487839 
0.2800 35,00 0.4606 0.455158 
0.2800 36.00 0.5063 0.436106 
0.2833 37,00 3.5294 0,415b55 
0.2300 38.00 0.5294 0.394069 
0.2600 39.00 0,5294 0.314119 
0.2800 40.00 0,5294 3,355647 
0.2800 42.00 0.5294 0,32582 
0.2800 44.00 0.5294 0,293923 
0.2800 4.00 0,5294 0.26820 
0.2803 43.00 0,5294 0.2146977 
0.2800 50.00 0,5294 3.227614 
0.2800 55100 3.5294 3.188111 
0.2600 bO,00 0.5294 3,158365 
0.2800 65.J0 0,294 
0.2800 70.00 0.5294 3.116130 
0.2800 75.00 0,5294 0.101162 
0.2800 80,00 0,5294 0.3b8912 
05 -10 
FINAL 	COMPUTED 	RLSULTS 
STRESS REDUCTION FACTOR 
WALLS IN DOUBLE CURVATURE 
H/T PHY V 
0.6000 5.00 0.0238 1,000000 
0.3000 6,00 0,0274 0,900000 
0.3000 7.00 0.0326 0,77503 
0.3003 8.00 0.0389 0.720000 
0.3000 9.00 0,0462 0.675000 
0.3000 10.00 0,0921 0,257 
0.3000 11.00 0,0974 0,618750 
0.3000 12.00 0,1032 0.600000 
0.3000 16,00 0.1096 0.565000 
0.3000 14.00 0.1166 0,572727 
0.3000 15,00 0,1242 0.562500 
0.3000 16,00 0.1325 0.553846 
0.3000 17.00 0.1414 0.546429 
0.3000 18,00 0.1510 0.543000 
0.3000 19.00 0.1613 0.5.4375 
0.3000 20.03 0.1725 0.529412 
0.3009 21,00 0,1844 0.525000 
0.3000 22.00 0.1973 0,521053 
0.3000 23,00 0.2111 0.517500 
0.3000 24,00 0.2259 0.514286 
0.3000 25.00 0.2419 0.511364 
0.3000 26,00 0.2592 0,508696 
0.3000 27,00 0.2779 0.506250 
0.3300 28.00 0.2982 3.504000 
0.3000 29.00 0.3204 0.449271 
0.3000 30,00 0.3448 0.446724 
0.3000 61.uo 0.3720 0.442166 
0.3000 32.00 0.4026 0.45286 
0.3000 36.00 0.4380 0,425548 
0.3000 34,00 0.4803 0.411925 
0.3000 35.00 0.5239 0.392201 
0.3000 66,00 0.5239 0.310715 
0.3000 37.00 0.5239 0,350947 
0.3000 38.00 0.5239 0,332719 
0.3000 39,00 0.5239 3,315876 
0.3000 40.00 0.5239 0.300279 
0.3000 42,00 0.5239 0,272362 
0.000 44,03 0,5239 0.248165 
0.3000 46.00 0.5239 0.227054 
0.3000 48.00 0.5239 3,208527 
0.3000 50.00 0,5239 0,192179 
0.3000 55.00 0,5239 0,158825 
0.3000 60.00 0.5239 0.133457 
0.3000 65.00 0.5239 0.113715 
0.3000 70.00 0.5239 0.098050 
0.3000 75.00 0,5239, 9.0a5413 
0.3000 80.00 0.5239 0.075070 
C5 -11 
FILIAL 	COMPUTED 	RESULTS 
STRESS REDUCTION FACTOR 
ALLS IN DOUBLE CURVATURE 
L/T H/T PHY V 
0.3200 b.uo 0.0264 1.000000 
0.3200 6.00 0.0304 0,8U9999 
0.3200 7.u0 0.0362 0,708750 
0.3200 8.00 0.0433 0,648000 
3.3200 9.00 0.0513 0.607500 
0.3200 10.00 0.1059 0,5/8571 
0.3200 11,00 0.1115 3,556875 
0.3200 12.00 0.1177 0.540000 
0.3200 13.00 0,1245 0.526500 
0.3200 14.00 0.1319 3.515454 
0.3200 15.00 0.1401 0.506250 
0.3200 16,00 0.1489 0.498461 
0.3200 17.00 0.1584 0.491786 
0.3200 18,00 0.1687 0.466000 
0.3200 19.00 0.1798 3.40937 
0.3200 20,00 0,1918 0.476470 
0.3200 21.00 0.2048 3,472500 
0.3200 22,03 0.2188 0,466947 
0.3200 23,00 0.2339 0.465750 
0.3200 24.00 0,2502 0,462857 
0.3200 25,00 0,2679 0.460227 
0.3230 2b.U0 0.2872 0.457526 
0.3200 27,00 0.3053 3.455625 
0.3200 28.00 0,3315 0,404776 
0.3200 29.00 0,3573 0.402806 
0.3200 30.00 0.3665 3,3'i8569 
0.3200 31.00 0.4200 0.391607 
0.3200 32.00 0.4599 0,3b1053 
0.3200 33.00 0,5107 33b4935 
0.3200 34.00 0.5191 0,343907 
0.3200 35.00 0.5191 0,324535 
0.3200 36.00 0.5191 0,306756 
0.3200 37,00 0.5191 0.290399 
0.3200 38.00 0.5191 0.275316 
0.300 39,00 0.5191 3.61373 
0.3200 40,00 0.5191 0,248472 
0.3200 42,00 0.5191 3.225372 
0.3200 44,00 3.5191 0.205349 
0.3200 46.00 0.5191 0.167881 
0.3200 48.00 0.5191 0.172550 
0.3200 50.00 0 1 5191 0.159022 
3.3200 55.00 0,5191 0.11423 
0.3200 60,00 0.5191 0,110432 
0.3200 65,00 0,5191 3.094096 
0.3200 70.00 0.5191 0.01134 
0.3200 75,00 0.5191 3.010677 
0.3200 80.00 0.5191 0,062118 
C5 -1 
FINAL 	COMPUTED 	RLSULTS 
STRESS REDUCTION FACTOR 
WALLS IN DOUBLE CURVATURE 
H/T PHY V 
0,3430 5.00 0.0297 0.900000 
0.3400 6,00 0.0342 3,720000 
0.3403 7.00 0,0403 0.650003 
0.3400 8.00 0.0487 3.576000 
0.300 9.00 0,0578 0.540000 
0.3400 10,00 0,1219 0.514285 
0.3400 11,00 0.1279 0,495000 
0.3400 12.00 0.1345 0.480000 
0.3400 13,00 0.1418 0.468000 
0e3400 14.00 0,1497 3.458182 
0.3400 15.00 0.1585 0.450000 
0.3430 16.00 0.1680 0.443077 
0.3400 17.00 0,1783 0.457143 
0.3400 18.00 0.1894 0,452000 
0.3400 19.00 0,2016 0.427500 
0.3400 20.00 0.2147 0.423529 
0.3400 21.00 0.2289 0.420000 
0.3400 22.00 0.2444 0,416842 
0.3403 23,00 0,2612 0.414000 
3.3400 24.00 0,2795 0.411429 
0.3400 25.00 0.2997 0,409091 
0.3400 26,00 0.3219 0.406956 
0.3400 27.00 0,3466 0,359928 
0.3400 28.00 0.3746 0,358203 
0.3400 29.00 0.4068 3,353830 
0.3400 30.30 0.4452 0.346028 
0.3430 31,00 0.4939 0,333034 
0.3400 32,00 0.5148 3.313350 
0,3400 53,00 0.5148 0,294647 
0.3400 34.00 0.5148 0,277569 
0,3400 35.00 0.5148 3.261935 
0.3400 36.00 0.5148 3,247565 
0.3400 37.00 0.5148 0,234383 
0.3400 38.00 0,5148 0.222209 
0.3400 39.00 0.5148 0.210960 
0.3430 40.00 0.5148 0.200544 
3.3400 42,03 0.5148 3,11399 
0.3400 44.00 0,5148 0.165739 
0.3400 46.00 0.5148 3,151640 
0.3400 46.00 0,5148 3,139266 
0.3400 50.00 0.5148 0.128348 
0.3400 55.00 0.5148 0.106073 
0.3400 60,00 0.5148 0,089131 
0.3403 65.00 0.5148 3.075946 
0.3400 70.00 0,5148 0.065434 
0.3430 75.00 0.5148 0,057044 
0.3400 80.00 0.5148 0.050136 
C5 -1 
FINAL 	CU1PUTED 	RESULTS 
STRESS EDUCTIOrJ FACTOR 
WALLS IN DOUBLE CURVATURE 
L/T HIT PHY V 
0.3600 5.00 0.0340 0,757500 
0.3600 6.00 0.0391 0.660000 
0.3600 7.00 0.0466 3.551250 
0.3600 8.00 3.0556 0,504000 
0.3600 9.00 0,0660 0,472500 
0.300 10,00 0,1404 0,450000 
0.3600 11,00 0,1469 0,433125 
0.3600 12,00 0,1540 0,420000 
0.3600 13.00 0.1619 0,4u9500 
0.3600 14.00 0,1706 3,400909 
0.3600 15.00 0,1801 0,393750 
0,3600 16.00 0,1904 0.387692 
013600 17.00 0,2017 0,32500 
0.3600 18,00 0,2141 0,378000 
0.3600 19.00 0.2275 0.374063 
3.3600 20.00 0,2421 0.370588 
0.3600 21,00 0,2581 3,367500 
0.3600 22.00 0.2757 0.3b4737 
0.3600 23,00 0.2950 0.362250 
0.3600 24,00 0.3164 0.360000 
0.3600 25,00 0,3403 0,357955 
0.3600 26.00 0,3674 0.314916 
3.3600 27,00 0.3988 0,312879 
0.3630 28.00 0.4364 0,307477 
0,3600 29.00 0,4347 0,6949 
0.00 30.00 0.5112 0,278804 
0.3600 31,00 0,5112 0,261107 
0.3600 32.00 0.5112 3.245043 
0.3600 33,00 0.5112 3.230417 
0.3600 34.00 0.5112 0.217062 
0.3600 35,00 0.5112 3.204336 
0.3600 36,00 0.5112 0,193614 
0.3630 37.00 0,5112 3.183290 
0.3600 38,00 3,5112 0,113770 
0.3600 39.00 0.112 0,164973 
0.3600 40.00 0,5112 3,156827 
0.3600 42.00 0,5112 3,142247 
0,o00 44,00 0.5112 0.129609 
0.3600 46.00 0.5112 0.118534 
0.3600 48.00 0.5112 3.108908 
0.3600 50.00 0.5112 0.100370 
0.3600 55.00 0.5112 0,082950 
0.3A00 60,00 0.5112 0.069701 
0.3600 65.03 0,5112 3,059390 
0.3500 70,00 0.5112 0.051209 
0.3600 75.00 0.5112 0,344609 
0.3600 80,00 0.5112 3,039207 
C5 -14 
FIJAL 	CO1PUTEn 	RESULTS 
STRESS iEDUCTIOIJ FACTOR 
JALLS IN DOUBLE CURVATURE 
E/T H/I PHY V 
0.3800 5.00 0.0396 0,615003 
0.3300 6,00 0.0456 0.543000 
0.3800 7.00 3,0544 1,472500 
0.30U 6.00 0.0649 0.462000 
0.3800 9.00 0.0770 3,405000 
0..6603 10.00 0.1622 0.35714 
0.3800 11.00 0.1692 0,371250 
0.3800 12.00 0.1771 0.360000 
0.3300 13,00 0,1857 0.351000 
0.3800 14.00 0.1953 0.343636 
0.3803 15.00 0.2058 0.337500 
0.3800 1.00 0.2174 0.332308 
0.3800 17.Uu 0,2300 0.327557 
0.3800 18.00 0.2439 0.34000 
0.3800 19.00 0,2592 0,320625 
3.3500 20.03 0.2761 0.317647 
0.3800 21,00 0.2947 0.315000 
0.3800 22.00 0,3155 0.312631 
0.3800 23.00 0,3389 0,310500 
0.3600 24.00 0.3656 0,308571 
0.3800 25.00 0.3966 0,269602 
0.3300 26,00 0,4348 0.266121 
0.3800 27.u0 0.4651 3,257185 
0.3803 28,00 0.5081 0,240150 
0.3800 29,00 0,5081 3,223673 
0.3833 150.00 3.5081 0.209197 
0.3800 31.00 0.5081 0.195918 
0.3800 32.00 0.5081 0.183865 
0.3803 33.00 0.5081 0.172890 
0.00 34.00 0,501 0,162870 
0.3300 35,00 0.5081 0,153696 
0.3800 66,00 0.5081 3.14527 
0.3800 37.00 0.5081 0.167529 
0.3800 38.00 0.5081 3.130386 
0.3800 39.00 0.5081 0,123785 
0.3800 40,00 0.5081 0.117673 
0.3800 42.00 0.5081 3.106733 
0.3300 44.00 0.5081 0,097251 
0.3800 46,00 0.5081 0.ü8978 
0.3800 48,00 0.5081 0,0b1713 
0.3303 50.00 0.5081 0,375311 
0.3800 55.00 0.5081 0,062240 
0.3300 60.00 0.5081 0.052299 
0.3803 65.00 0.5081 3.044563 
0.3800 70,00 0.5081 0.058424 
3.3800 75,00 0.5081 0.063472 
0.3800 80,00 0.5081 0.029418 
C5 -1 
FINAL 	COMPUTED 	HE SULTS 
STRESS REDUCTIOIi FACTOR 
'ALL ,  IN DOUBLE CJPVATURE 
E/T H/T PHY V 
0.4300 5.00 0.0475 0.562500 
0.4000 6.00 0,0548 3.450000 
0.4000 7.uU 0.0652 0.393750 
0,4000 6.00 3,0779 0.360000 
0.4000 9.00 0.0924 3.367500 
0.4000 10.00 0.1862 0.321429 
0.4000 11.00 0.1960 0.309375 
0.4000 12.00 0.2048 0,300300 
0.4000 13.00 0.2145 0.292500 
0.4000 14.00 0.2253 0.2b6364 
0.4000 15.00 0.2373 0.281250 
0.4003 16.00 0.2506 0.2/6923 
0.4000 17.00 0.2652 0.273214 
0.4000 18.110 0.2815 0.2/3030 
0.4000 19,00 0.2997 0.267187 
0.4000 20,00 0.3202 0.264706 
0.4000 21,00 0.3434 0.262500 
0.4000 22.00 0.3704 0,260526 
0.4000 23.00 0,4024 3.224992 
0.4000 24.00 0.427 0.22683 
0.4003 25,00 0.5006 0.213579 
0.4000 26.00 0.5055 0.197507 
0.4000 27.00 0,5055 0.183147 
0.4000 28,00 0.5055 0,170299 
0.4080 29.uj 0.5055 0.158757 
0.4000 60.00 0.5055 0.148349 
0.4000 31,00 0,5055 O.13&933 
0.4000 32,00 0,5055 0,130385 
0,4003 33,03 0.5055 0.12203 
0.4003 64,00 0.5055 0.115497 
0.4000 35.00 0.5055 0.108991 
0.4000 66.00 0.5055 0.103020 
0.4003 37.00 0.5055 0.097527 
0,4003 38,00 0,5055 0,092462 
0,4000 39.00 0.5055 0.087781 
0.4000 40.00 0.5055 0,033447 
0.4000 42.00 0.5055 0.075688 
0.4003 44.00 0.5055 0,068964 
0.4080 46.00 0.5055 3.063098 
0.4000 48.00 0.5055 0.057949 
0.4000 50.00 0.5055 0,053406 
0.4000 55.00 0.5055 0.044137 
0.4000 60.00 0.5355 0.067087 
0.4000 65,00 0.5055 0,031601 
0.4000 70.00 0.5055 3.027248 
0.4000 75.00 0.5055 3.023736 
0.4000 80.00 0.5055 0.020862 
C5 -16 
FIHAL 	COMPUTED 	RLSULTS 
STRESS KEDUCTIOrJ FACTOR 
.ALLS Ill DOUBLE CURVATURE 
L/T H/T PHY V 
0.4200 5.00 0.0594 3,L4 50033 
0.4200 6.00 0.0685 0.360000 
0.4200 7.00 0,3815 0.315000 
3.4200 3.00 0,0974 0,258000 
0.4200 9.00 0.1155 0,270000 
0.4200 10,00 0.2200 3.257143 
0.4200 11.00 0,2290 0.27500 
0.4200 12,00 0,2391 0.240000 
0.4200 13.00 0.2505 0.2.4000 
0.4200 14,00 0.2632 3.229091 
0.4200 15.00 0.2774 0.225000 
0.4203 16,00 0.2935 0.221539 
0.4200 17.00 0.3115 J.218571 
0.4200 18,00 0,3322 0.216000 
0.4200 19.00 0.350 0.213750 
3.4200 20.00 0,684 L.211765 
0.4200 21.00 0.4193 3,210000 
0.4200 22.00 0.4672 0.177323 
0.4200 23,03 0,5035 0.164925 
0.4209 24.00 0.5035 0,151468 
0.4200 25.00 0.5035 0,139593 
0.4200 26.00 0.5035 0,129061 
0.4200 27.00 0.5035 0.119678 
0.4200 28.00 0.5035 0.111282 
0.4200 29.00 0,5335 3.103740 
0.4200 30.00 0.5035 0,06939 
0.4200 31,00 0.5035 0.090786 
0.4200 62,00 0.5035 0,065200 
0.4200 36.00 0.5035 0.080115 
0.4200 64.00 0.5035 0.075472 
0.4200 35.00 0.5035 0,071221 
0.4200 36.00 0.5035 0.067319 
3.4200 37,00 0.5035 0.063729 
0.4200 38,00 0,5035 0.00419 
0.4203 39.00 0.5035 0.057361 
0.4200 40.00 0.5035 0.0D4528 
0.4200 42.00 0.5035 0.09459 
0.4200 44.00 0.5035 0.045065 
3.4200 4.U0 0,5035 0.041231 
0.4203 46,00 0.5035 0.037367 
0.4200 50.00 0,5035 3.034898 
0.4200 55.00 0.5035 0.023841 
0.4200 60,00 0.5035 0,024235 
0.4200 65.00 0,5035 0,020653 
0.4200 70,00 0.5035 0,01705 
0.4200 75.00 0.5035 0.015510 
0.4233 80.00 0.5035 3.013632 
C5 -17 FIJAL 	COMPUTED 	RESULTS 
STRESS REDUCTION FACTOR 
WALLS Ill DOUBLE CURVATURE 
LIT HIT PHY V 
0.4400 5.00 0.0792 0.37500 
0.4403 6,00 0.0913 0.270000 
3,4400 7.00 0.1087 :1.236250 
0,400 8.00 0.1295 0.216000 
0.41400 9.00 0.1540 0,202500 
0.4403 lcJ.UU 0,2607 3.192857 
3,4433 11.00 0.2716 0.155625 
0.4400 12,00 0.2840 0.180000 
0.4403 13.00 0.2981 0.175500 
0.403 14.00 O..143 3,171318 
0,4400 151,00 0.3330 0,168750 
0.4400 16,00 0,3548 0,166154 
0,4400 17.00 01,3809 0,163928 
0.4400 10,00 0.4137 0.162300 
0.4403 19.00 0.4592 0,154548 
0.4400 20.00 0.5019 0.125247 
0.4400 21,00 0.5019 0.113603 
0.4400 22,00 0.5019 0.103510 
0.4400 26,00 0.5019 0.04705 
0.4400 24,00 0.5019 0.086977 
0.4403 25.00 0,5019 0.00158 
0,4403 26.00 fl.5019 3.074111 
0.4400 27.00 0.5319 0.058723 
0.4400 28,00 0,5019 0.063902 
0.4400 29,00 0,5019 0.059571 
0,4400 30.00 0.5019 0.05665 
0.4400 61.uo 0.5319 0.052132 
0.4400 62,00 0.5019 0.048925 
0.4400 33,03 0,5019 0,06004 
0.4400 34,00 0.5019 0.043338 
0.4400 35.00 0,5019 3.040897 
3.4400 36,00 0.5019 0.038657 
0.4400 37,00 0.5019 0.036595 
0.4400 8.00 0.5019 0.04695 
0.4400 69.00 0.5019 0,032938 
0.4400 40.00 0.5019 0.031312 
0.4400 42,00 0.5019 0.028401 
0.4400 44,00 3,5019 0.025873 
0.4400 46,00 0.5019 0.023676 
0.4 30 48.03 0.s019 0,021744 
0,4403 50.00 0.5019 0.320040 
0.4400 55,00 0.5319 0.016562 
0.4403 60.00 0.5019 ,013916
0.4400 
0. 0- 
65,00 0,5019 0,011959 
0.4400 70.00 0,5019 0.010224 
0,4400 75,30 3.5019 0,008906 
0,4400 80.U0 015019 0,007823 
C5 -.18 FIiJ1L 	COMPUTED 	RESULTS 
STRESS KEDUCT10H FACTuF< 
vJLLS 1'] DOUBLE CURVATURE 
L/T /T PHY V 
0.4603 b,UO 0.1189 0.2215000 
3.4600 6,00 fl.1369 0.180000 
0.4600 7.30 0,1631 0,157500 
0.4600 b.UU 0.1947 0.14000 
0.4603 9.00 0.2311 0,15J00 
0.1+633 10.00 0.6173 0.128571 
0.4603 11.00 0.3322 3,123750 
0.4600 12.00 0.31490 0.10000 
3.1+600 13.03 3,3709 0.117003 
0.1+600 14.00 0.3973 0.114545 
0.1+600 15.00 0.4326 0.112500 
0.4603 16,00 0.4941 0.03677 
0.4600 17.00 0.5008 0.078638 
0.14603 18.00 0,5000 0.07011+3 
094603 19.00 0.5000 0.0629514 
0.14600 20.00 0.5008 0.056816 
0.14600 21.00 0.5006 0.051534 
0.4603 22,uO 0.5008 3,rjS4E956 
0.14603 23.00 0.5008 0,042961 
0.1+603 24.00 0,5000 0.09456 
0.4600 25,30 0.5008 0.036362 
0.14500 26.00 0.5000 3,033519 
0.4603 27.00 0.5008 0.061175 
0.4600 28.00 0.5008 0,028988 
0.4600 29.00 0.5008 0,027023 
0.14600 30.00 0.5005 0.325252 
0.4600 31,00 0.5005 0.023649 
094603 32.00 0,5008 0.0221914 
0.4600 66.00 0,5008 0.020869 
0.4630 34.00 0.5008 0.019660 
0.4630 35.00 0.5008 0.013552 
0.4600 66.00 0.5008 0.017536 
0.4600 37.00 0.5008 3,016601 
0.4600 36.00 0.5008 3.015739 
0.4600 39.00 0.5008 3,014942 
0.4600 40.00 0.5008 0.014204 
0.14600 42.00 0,5008 0.012883 
0.4600 1+4•00 0,5005 0.011739 
3.14600 1+6,00 0,5005 0,01371+0 
0.4600 48.00 0,5004 0.009464 
0.14600 50,00 0,5008 0.009091 
0.4600 55.00 0,5008 0,007513 
0.4600 60100 0.5008 0.006313 
0.14600 65.00 0.5008 0,035379 
3.4600 70.00 0.5008 3.0314538 
0.4600 75.00 0,5005 3.0U+040 
0.1+600 80.00 0,5005 3.003551 
C5 -.19 FINAL 	C(J1PUTED 	RESULTS 
STRESS IEDUCTIOFJ FACTOR 
'ALLS IN DOUBLE CURVATURE 
L/T li/T PFIY V 
0.4800 5.00 0.2377 0.112500 
0,4803 6,00 3.2738 0,00000 
0.4300 7.00 0.3261 3.073750 
'3.4800 8.00 0.3695 0,072000 
0.4800 9,00 0.4621 0,067500 
0.4800 10.00 0.4222 D,0b4286 
0.4800 11.00 0.4636 0.061875 
0.4800 12,00 0,5002 0.040265 
0.4600 13.00 0.5002 0.034308 
0.4800 14,00 0.5002 0.09582 
0.4803 15,00 0,5002 0,025769 
0.4800 16,00 0.5002 0.022649 
0.4800 17.00 0.5002 0,020063 
0.4800 18,00 0.5002 0.017895 
0.4800 19.30 0.5002 0.016061 
0.4800 20,00 0.5002 0.014495 
0.4800 21.00 0.5002 0,013148 
22,00 0.5002 0,011980 
0.4800 23.00 0.5002 0.010961 
0.4803 24,00 0,5002 0,010066 
0.4800 25,13 0,5002 0.009277 
0.4300 26,00 0.5002 0,008577 
0.4800 27.00 0.5002 0.007954 
0.4800 28.00 0.5002 0,007396 
0.4800 29,00 0.5002 0,306894 
0.4803 30.00 0.5002 0,006442 
0.4800 31.00 0,5002 0.006033 
0.4800 32.00 0.5002 0.005662 
0.400 3.00 0.5002 3.005324 
0.4803 34.00 0.5002 3,005016 
0.4800 35,00 0.5002 3.004733 
0,4803 36,00 0.5002 0.004474 
0.4800 37,00 0.5002 3.004235 
0.4800 36,00 0.5002 0.CU4015 
0.4803 39.00 0.5002 0,303812 
0.4803 40.00 0.5002 3.003624 
0.4800 42,03 0.5002 0,003287 
0.4800 44.00 0.5002 0.002995 
014500 46,00 0.5002 3.0J2740 
0.4600 48.00 0,5002 3.3u2517 
0.4800 50.00 0.5002 0,0U2319 
0.4603 55.00 0.5002 0.001917 
0.4800 60.00 0.5002 0.001611 
0.4803 65,00 0,5002 0.001372 
0.4803 70.00 0.5002 0.001183 
0.403 75.03 0,5002 0.001031 
0.4803 30,UO 0.5002 0,0uU906 
FINAL 	COMPUTED 	RESULTS 
	
C5 -20 
STRLSS K[DUCTIOj FACTOR 








0.4999 5.00 0.s000 o,ou000, 
3.4999 6,00 0.5000 0.00030+ 
0.4999 7.00 0.5000 3,0J0033 
0.4999 8.00 0.5000 0.000002 
3.4999 9.00 0.5000 0.000302 
0.4999 10.00 0.5000 o,ou0cji 
0.4999 11.00 0.5000 0.000001 
0.4999 12.00 0.5003 
0.4999 13.00 0 15000 0,300001 
0.4999 14.00 0,5000 0.000001 
0.4999 15.00 O,50U0 0.000001 
0.4999 16.00 0.5000 3.000001 
0.4999 17.00 0.5000 0.000001 
0.4999 18,00 0,5000 0,000000 
0.4999 19.00 0.5000 0.000003 
0.4999 20.00 0.5000 0,000000 
0,4999 21.00 0 15003 0,000000 
0.4999 22,00 0,5000 0.000000 
0.4999 26.00 0.5000 0,0u00Q 
0.4999 24,00 0.5000 0.000000 
0.4999 25,00 0.5000 0.000000 
0.4999 26.00 0.5000 0.000000 
3.4999 27.09 0.5000 0,000000 
394999 28,00 0.5000 0.000000 
0.4999 29.00 0.5000 0.000000 
0.4999 30,00 0.5000 0.000003 
0.4999 61.00 0.5000 0 • 0UQQQ 
0.4999 32,00 0.5000 0.000000 
0.4999 33.00 0.5000 0,000000 
0.4999 34.00 0.5000 0.300000 
0.4999 35.00 0.000 0.000300 
3.4999 66.00 015003 0,000000 
3•4999 37,00 0,5000 0.000000 
0.4999 38,00 0.5000 0.000030 
0.4999 69.00 0.5000 0,000000 
0.4999 40.00 0.5000 0.000000 
0.4999 42.00 0.5000 3.000000 
0.4999 44 • 03 0.5000 3.000000 
0.4999 46.UO 0.5000 o.000000 
0.4999 48.00 0.5000 0,000300 
0.4999 50,00 0.5300 0,000000 
0.4999 55,00 0.5000 0.000300 
0,499q 60.U0 0.5000 0,000000 
0.4999 65.00 0 15000 3.000000 
0.4999 70,00 0.5000 0.000000 
3.499 75.03 0,5000 0.000000 
3.4999 80,00 0 15003 0.3u3003 
DIN 
96 KBYTES JSLfl 
	
JOB-STLP RETURJ COOL = 	0 
END JOR 1295 	2 1 :n'- 	i- jtcu 79 	 f'_ Al- i.J.1..h. 
CTCTL3/ 
C6-1 
L.R.C.L. FORTR1 	Col'F-'ILER RELEASE 6 VERSION 5 
3. C STRESS RLUUCTIorj FACTORS 	'1LLS 	JN  SINGLE CURVATURE' 
2 C F0I'1MER: 	1\UNAN 	A. 	ANI 
:EL 	PIY(799) 
L4 REAL E(17) 
5 REAL 	SLEND(47) 
031 EOk1AT(9F3.4) 
7 002 FOpT(10F8.3) 
UO3 FOHAT( fl' ,// T210FINAL 	CUMPUTFD 	RESULTS',) 
9 034 FOp;iT( 	22XI'.JALLS 	IN SINGLE 	CuPvATJRE') 
10 005 FORVAT( /13X 9 'Eli' '12Xt 'HIT' '10' 'P-IY' '13X, 'v'/) 
11 006 FUPr1.T( 	12XF6.4,13X,F6.2,8X,F6.4 'X,F8.6) 
12 007 FO1AT( 23X,'STRESS 	REDUCTION FACTQR'/) 
16 070 FORAT( 	22X 	FCC. AT ONE END EQUAL ZERO'/) 
14 003 F OF,  i1/T(l3F6,4) 
15 009 PEAr)(5,1) 	(L(1),11917) 
16 010 
17 011 READ(58) 	(PHY(K),K=1,799) 
Id 012 DO 	140 	I1917 
19 013 DO 143 J1947 
20 014K((I1)*47)+J 
21 015 EALI'=( (SLEND(J) )**2)/(55,5) 
22 016 PHYB= ((1 • (J-E (I) )+ (4. OXE (3. ) **2.2 • 0*E (I ) +1 • 0) **0 • 5)/(3 • 3) 
23 017 IF(PHy(0-PNyb)20918,18 
24 018 PHy(K)pHYb 
25 019 GOTO 5 
26 020 CHEC:(PHy(K)-E(I)) 
.27 021 IF(CHC<B)2922,24 
022 vi 	i.5*SLLIJD(J)/2.3)/( (1.+6.*E(I) )*( (SLEND(J)/2.0)-1.5)) 
29 023 V'Ax1.0 
33 024 IF(v1VrAX)25,25,27 
31 025 Vi1 
32 026 GOTO 30 
33 027 VVAX 
34 028 GOTO 3 
35 029 V2=3.0)/ 	(2.U)+( (3.0/pHy(FK) )*(E(I )+pHy(K) )**2) 
36 060 \I1C.) 
37 031 IF(V2_VAX)32,32,34 
38 032 V\/2 
39 033 GOTO 	J 
40 034 VVV.A 
41 035 GOTO 30 
42 036 Z1(9.89*(PHY(K)**2) )/( (E(I)+PHY(K))*2) 
43 037 V3=Z1/ij:ALK 
44 038 'ifr'AXi.0 
45 039 IF(v3-V.AX)40,40,60 
46 u40 V/3 
1+7 050 GOTO 30 
48 060 vv'ix 
49 U80 IF(sLENO(J)-5,0)9O,0,130 
50 093 1RIT[(6,3) 
51 100 RITL(6,7) 
52 110 JR3.T(64) 
53 111 RITE(b,7U) 
54 123 AFIT[(G,5) 
55 133 RI TEE (6,6) 	(E(I),SLEIJD(J), PIA Y(K),\j) 
140 COJTI.R1E 
57 150 SToP 
58 160 END 
06 -2 FINAL 	COi"IPUT:D 	RESULTS 
STF<ESS EflUCTIU1.i FACTOR 
ALLS iFJ SIIJGLE CURVATURE 
:cc. /\T ONE ENfl EQUAL ZERO 
L/T H/i PHY V 
0.0000 5.0 0,0003 1.000000 
0.0000 6.00 0.0000 1.000000 
0.0000 7.00 0.0003 1,000000 
6.00 0.00uO 1,000000 
0.0000 9,U 0 0.0000 1.000000 
3.0000 10,113 0.0001) 1,000300 
0.0000 11,00 0,0000 1.000000 
0.0000 12,00 0 10000 1.000000 
0.0000 15,30 0,0000 1.000000 
0.0000 14.0(1 0.0000 1.000000 
0.0300 15.110 0.0000 1,01)0000 
0.0000 16.ufl 0.0000 1.Ou0000 
0.0000 17.00 0,0000 1.000000 
0.0000 1.oO 0,0000 1.000000 
0.0000 19.00 0.0000 1.000000 
0.0003 20,00 0,0636 1.000000 
0.0000 21.00 0.1364 1.000000 
0.0000 22.00 0,2169 1,01)0000 
0.0000 2,3.clo 0.2991 1,000000 
0.0000 4.LO 0.3849 1.OU0000 
0.0000 25,00 04744 1,000000 
0.0000 2b,00 0,5675 1,090033 
0.0000 27,0C, 0,6642 1,000000 
0.0000 26.00 0.6667 0,698634 
0.0000 2.U0 0,6667 0.651284 
0.0000 30.00 0.6667 0.608559 
0.0000 31.00 0.6667 0,569958 
0.0030 32.00 0.6667 0,534892 
3.0000 .33.00 0,6667 0,502966 
0.0000 4.00 0.6667 0.473514 
0.0000 35.00 0.6667 0,447126 
0,0000 36.00 0,6667 0.422631 
0,0000 37,00 0.6667 0.400095 
0.0000 s6.UU 0.6667 0.319314 
0.00011 39,0w 0,6667 0,360111 
0.0000 40.00 Q.o667 0,342331 
0.0000 42,03 0.6667 0.310504 
3.0000 44.00 0.6667 0.2 8 2918 
0.0000 4600 0,6667 0.258851 
0.3000 40.UU 0.6667 0.237730 
0.0000 50.00 0.b667 0.219092 
0.0000 55.00 0.6667 3.181068 
0.0000 b0,AJ0 0.6667 0.152147 
0.0000 65.00 fl.6667 0.129640 
0.0000 70.Uü 0.6667 0.111781 
0.0000 75.00 0.6667 0.097374 
0.0300 elo.uc n.b667 0.085583 
C6 -3 
FI1J\L 	CONPLTED 	RESULTS 
STkSS hEDUCTIOj. FACTOR 
.ALLS iN SINGLE CUOVATURE 
[CC. AT ONE END EQUAL ZERO 
LIT H/I RHY V 
0.0100 5.00 0.0029 1.000000 
0.0100 b.U0 0.0037 1.000000 
0.0100 7.co 0,00146 1.000000 
0.0100 8 100 0,0055 1.000000 
0.0100 9,00 0,0066 1.000000 
0.0mb 10.00 0.0079 1.000000 
0.0100 11.00 0.0095 1,000000 
0.0100 12.0G 0.0113 1,000000 
0.0100 13,00 0.0137 1,000000 
0.0100 14.00 0.0167 1.OU0000 
0.0100 15.00 0,0208 1 0 000000 
0.0100 16,00 0,0267 
0.0100 17,00 0,0359 1 1 000000 
010100 lb,00 0,0511 1,000030 
0.0100 19,00 0,0773 1 0 000000 
0.0100 20,00 0,1191 1,000000 
0.0100 21,03 0.1761 1.000000 
0.0103 22,00 0.2442 1.000000 
0.0100 ,0Q 0 1619 1.000000 
0.010 24,00 0.015 1,000000 
0.0100 25,u3 3 1 4880 1,003000 
0.0103 26.00 0.5790 1,000000 
0.0103 27,co 0.6601 0.729084 
0.0100 2,oü 0.6601 0,677937 
0.0100 29.00 0 16601 0.631989 
0.0103 30.00 0,6601 0,50559 
0.0103 31,03 0.6601 0.53073 
3.0133 2.UU 0 0 601 0.519046 
0.0100 3.00 0.6601 3.488065 
D.OlOIj 34,00 0.6601 3 •14777 
0.0103 05.00 0.6601 0,43880 
0.0133 36 103 0 16601 0.410110 
3.0100 37,03 0.6601 3.3882 142 
3.0103 .58.00 0,6601 0.368077 
0.0103 39.00 0,6601 0.349443 
3.0100 40.30 0.6601 0.332159 
0.cloo 42.00 0,66U1 0,301305 
0.0100 44,UU 0.6601 0,2714536 
0.0100 46.00 0.b601 0.251183 
0.3100 46.00 0.6U1 0.20687 
3.2130 50,03 2 16601 3,212601 
0.0130 35.00 0.6601 0.175703 
0.0130 &0.00 3.6601 0.147640 
0.0100 65.00 0.6601 0.125799 
0.0103 70.00 0.6801 0.103470 
0.0100 75.IJO 0.6601 0.04489 
fl.uiOo 60.00 0.6601 0.0830147 
c6 -4 
FIJAL 	CUfrIPUTER 	RESULTS 
STiES KERUCTIOI,I FACTOR 
.JLLS 1tJ SINGLE CURVATURE 
LOC. iJ ONE LrJfl ELJAL ZERO 
H/i Rt-IY V 
0.020c 5.00 0,0057 1.000000 
0.0200 6.00 fl.0072 1.OU0030 
0.0200 7.00 0.0089 1.000300 
0.0203 d,00 0.0107 1,000000 
0.0200 9.00 0,0129 1.000000 
0.0200 10.03 0.0153 1.000030 
01020 11,00 0.0182 1.000000 
0.0230 12.00 0.0217 1,000000 
0.0200 13.00 0.0260 1.000000 
0.023 14 ,60 0.0314 1.OU0000 
0.0200 15.uO 0.0364 1.000000 
3.0200 16,00 0.0480 1,000000 
0.0200 17.00 0,0615 1.OU0000 
0.0200 18103 0.0812 1.000000 
0.0200 19,u0 0,1106 1,000000 
3.0200 20.uD 0,1507 1,000000 
0.0203 21.03 C,2U3Lt 1,0000CC 
0.0200 22,00 0,2667 1,000000 
0.02CC 23,00 0.338 1.000000 
0.0203 24,03 0,'+168 1,011 0000 
0.0200 25,00 0.5009 1.000300 
0.0200 26.00 0.5900 1.000000 
0.0203 27.00 0.6535 0.707385 
3.0200 28.Uo r 0,6535 0,657760 
0.0200 29,00 0,6535 0,bl3179 
0.02CC! 30.00 0,6535 0.572982 
0.0200 31,Uü 0,6535 0.536612 
0.0200 2.00 0.6535 0,503596 
0.0200 33.00 0.6535 0,473539 
0.0200 64.uo 0,6535 0.446093 
0.0200 65.00 O.  b535 0,420966 
0.0230 36.30 0.6535 0,397934 
0.0200 37,30 0.6535 0,376687 
0.U200 38.00 0,6535 0.357122 
0.0200 69,00 0.6535 0,339043 
0.0200 40.00 0,6535 3.322302 
0.0200 42.00 0.6535 0,292338 
0.0200 44.00 0.535 0.266366 
0.0200 46.00 0.6535 3.24 3707 
0.u200 48.00 0.6535 0.223821 
0.0200 50.110 0.6535 0.206273 
0.0200 55.00 l,535 0.170474 
0.0200 00.00 0,b535 3.143246 
0.0200 65,00 0.6535 0.122055 
0.0200 70,00 r,b535 3,105242 
3.0200 7D.ti0 fl.b535 0.01677 
0.0200 80.00 0,6535 i.060576 
EIi\L 	COMPUTED 	RLSULTS 	
-5 
STRESS KEr,LJCTTOIJ FACTOR 
LS 111 SINGLE CURVATUR[ 
[CC. AT ONE LND EQUAL ZERO 
L/T HIT PHY V 
0.0303 5.00 0.0082 1.000000 
0.0303 .00 0,0101+ 1.000000 
0.0.501 7.00 0.0129 1.000000 
0.0301) 8.00 0,0156 1.000000 
P.033fl 9.00 0,0187 1.000000 
0.0300 10,uo 0.0222 1.000000 
0.0300 11,00 0.0261+ 1.000000 
0.0300 12.00 0.0312 1.000000 
0.030n 13,00 0.0371 1.000000 
0.0300 14.00 0,01+45 1.000000 
0.03,DCi 15.00 0.0538 1,000000 
0.0303 16.00 0.0660 1.003000 
0.0300 17,00 0.0823 1.000000 
18,00 0.01U 4 1,003000 
0.0300 19.00 0.131+9 1,000000 
0.0300 20.00 0.1750 11000000 
0.0300 21,00 0.2257 1,000000 
0.030o 22.00 0,2861 1,Ou000o 
0.0300 23.00 0,3551) 1,000000 
0.0300 24.00 0.1+311 1.000000 
r 0.0300 25,0 0,5132 1.000000 
0.0300 2b,00 0.h007 11000000 
0.0300 27.00 0.61+71 0,662+2 
0.0300 28,00 0,61+71 0,668100 
0.0300 29,Uo 0.61+71 0.594852 
0.0300 30,00 0,61+71 0.555857 
0.0300 31,00 0,6471 0,520573 
0.0303 32,00 0,6471 0.48851+6 
0.0300 33,00 0,6471 0.49386 
0.030 64.00 0,6471 0,1+32760 
0.0300 35,00 0.6471 0,408384 
0.0300 6,00 0,6471 0,386011 
0.0300 37.00 0.6471 0.365428 
090300 38.00 0,6471 0,346448 
0.0300 39.00 0.6471 0.328909 
0.0300 40.00 0,6471 0.312669 
3.0300 42.00 0.61+71 0.283600 
0.0300 44,UU 0,6471 0.2581+01+ 
0.U300 1+6.00 0.6471 0,26423 
0.0300 1+8,00 0.61+71 0.217131 
0.0300 50.00 0.61+71 0.200108 
0.0300 55.00 0.61+71 0.165379 
0.0300 60.00 0,61+71 0,168964 
0.0300 65,00 0.6471 0.1181+07 
0.0300 73,U0 0.6471 01102096 
0.0300 7b.UQ fl.671 0.068937 
0.0300 80.00 0.6471 0.073167 
cG -6 
FIlIAL 	COMPUTED 	RESULTS 
STLSS REDUCTION FACTOR 
.ALLS iN SINGLE CURVATURE 
EEC. MT ONE END ENIJAL ZERO 
L/T PHY V 
0.0400 5.00 0,0105 1.000000 
0.0400 6,UU 0.0134 1.000000 
0.0400 7.00 0.0166 1.000000 
0,0400 6.00 0.0202 1,000000 
0.0400 9.00 0.0241 1.000000 
0.0400 10100 0.0287 1,000000 
0.3400 11.00 0.0339 1,000000 
0.0400 12.00 0,0401 1,000000 
0.0400 13.u0 0,0474 1,000000 
0.0400 14,00 0,0564 1.000000 
0.0400 15.00 0.0675 1.000000 
0.0400 16,00 0.0817 1,000000 
0.0400 17,00 0.1000 1,000000 
0.0400 18,00 0,1240 1.000000 
0.0400 19.00 0.1554 1,000000 
20.00 0,1954 11000000 
C.040o 21,03 0.2449 1,000000 
0.0400 22,00 0.3035 1,000000 
0.0400 26,00 0.3703 1,000003 
0.0400 24.00 0,4444 1,003000 
0.0403 2b.00 0.5249 1,000000 
0.0400 26,0 0,6109 1.000000 
2,0400 27.00 0,6406 0,665652 
0.0400 26.00 0.6406 0,618954 
0.0400 29,00 0.6408 3,577004 
0.C400 30.00 0.6404 0.539173 
0.0400 61.03 0.6408 0,504953 
0.0400 62,00 0.6408 0.473887 
0.0400 63.00 0.6406 0. 4 45602 
0.0400 34,00 0,6406 0,419775 
0.0400 35.00 0.6408 0.396131 
0.0 4 0 66.0.0 0,640 0.374429 
0.0400 37.uo 0.6406 0,354463 
0.0400 6d.00 0.6406 0.36053 
3.0400 39.00 0,6408 0,319040 
0.0400 40,00 0,6406 0,303288 
0.0400 42,00 0,6408 0.275091 
0.0400 44.00 0.6406 0.250651 
0.0400 46.00 0.6408 0.229329 
0.0400 48.00 0.6408 0.210616 
0.0400 50.00 0.6406 0.194104 
0.0403 55.00 0.6408 0.160417 
0.0400 no.uo 0.640 0,14794 
0.0400 5.00 0,6406 0,114854 
0.0400 70.00 0,6406 0,099033 
0.0400 75.00 0.6408 0.0e6268 
0.0400 0.00 3,6408 3.075822 
c6 -7 
FliJAL 	CUPJTE 	RESULTS 
STRESS iEUCTI0N FACTOR 
.JALLS IN SINGLE CURVATURE 
[CC. AT ONE EN EQUAL ZERO 
LIT H/T PHY V 
0.0533 5.00 0.0127 1.000000 
3.0500 6.00 0.0162 1,000000 
0.0500 7,00 0.0201 1.000000 
0.0500 6.00 0.0244 1,000000 
0.0500 9.00 0.0292 1,000000 
0.0500 10.00 0.0347 1,000000 
0.0500 11.uo 0.0410 1.000300 
0.0500 12,00 0,0483 1,300000 
0.0500 13.00 0.0569 1.000000 
fl.0505 14.00 0,0673 1,000300 
0.0500 15.00 0.0800 1.000000 
0.0500 16.00 0.0953 1.000000 
0.0500 17.00 0,1157 1.000000 
0.050j lb o ulo 0,1410 1.000000 
0.0500 19.00 0.1731 1,000000 
0.0500 20.00 0,2132 1.000000 
11,05011) 21,00 0,2619 1,000000 
0.0500 22,03 0,3192 1,000000 
0.0500 2,5,00 0,3845 1,Oo0000 
0.0500 24,Uo 0,4573 1.000000 
0.0500 5,00 0.5360 1.000000 
0.0503 26.00 0.6208 1.000000 
0.0500 27,n 0.346 0.65609 
0.0500 28.03 0.6346 3,600318 
0.0500 29.00 0.6346 0.559630 
0.050,_i 30,03 0,6346 0,522944 
0.0503 31.00 0.6346 0,489749 
0.0503 32,00 0.6346 3.459618 
0,01501 33.03 0.636 0,432185 
0.0500 34.110 0,6346 3.407136 
0.0500 35,00 0.8346 0,384203 
0.0500 36.00 0,b346 0.363155 
010500 37.00 0.6346 0,343790 
0.0500 38.oQ 0.6346 0,325934 
0.0500 39.00 0.6346 0,309434 
0.0500 40,03 0.6346 0.29+156 
3.0500 42,00 0.6346 0.266808 
0.0500 U4.0,n 0.6346 0.23134 
0.0500 46.00 0,6346 0.222424 
0.0500 48.00 3,6346 0,204275 
0.0500 50.00 0.6346 0.188263 
0.0503 55.00 0.6346 00155556 
0.0533 60.00 0.6346 0.10736 
0.0500 65,03 0.6346 3.111396 
0.0500 70,00 0.6346 0.096051 
0.0500 75.00 0.6346 0.03671 
0.0500 80.00 0,6346 0,373539 
C6 -8 
FINAL 	COMPUTED 	RESULTS 
STRESS REDUCTION FACTOR 
..ALLS IN SINGLE CURVATURE 
:CC. AT ONF END EQUAL ZERO 
L/T HIT PHY V 
0.O000 5.00 0.0147 1,000000 
0.0630 6.00 0.0laq i,ou0000 
0.0600 7.00 0,02314 1,000000 
0.U30 8.00 0,0284 1.000000 
3.0600 9.00 0,0340 1.000000 
0.0600 10.00 0.0404 1.000000 
0.060 11.00 0.0476 1.OU0000 
0.0600 12,00 0,055q 1,000000 
0.0600 13.00 0.0657 1.OU0000 
0.0600 14.00 3.0773 1.000000 
0.0600 15,00 0.0914 1.000000 
0.0800 16,00 0.1085 1,000000 
3.0600 17.00 0.1298 1.000000 
lo,uU n.1562 1,000000 
0.0800 19.00 0.1890 1,000000 
3.0633 20.03 0.2291 11000000 
0.0603 21,00 0,2773 1,000000 
0,0600 22,00 0,3336 1.000000 
0.0600 23.00 0.3977 1,000000 
0.0600 4,00 0,690 1.000000 
0.0603 25,00 0.5467 1.000000 
0.0600 26.00 0.6286 0.675198 
0.0690 27,00 0,6286 0,626110 
0.0600 28.00 0.8286 0,582186 
0.0630 29.00 0,6236 0,542723 
0.0600 30.00 0.8286 0.07149 
0.0600 31.00 0,6236 0,474957 
0.0600 32,00 0.8286 0,445736 
0.0600 33,03 0.6286 0.419131 
0.0600 34.00 0.6286 0,394839 
0.0600 35.00 0.6286 0.372599 
0.0603 36,00 0.626b 0.352187 
0.0600 37,00 0,6286 0,333407 
0.0600 68,00 0.6236 0.316090 
0.0600 39.0 0.6286 0,300088 
0.0600 40,00 0.6286 0,285271 
0.0600 42,00 0.6286 0.2874 
0.0600 44,00 0,8286 0.235761 
0.0bOO 46,00 0.6236 0.215706 
0.0600 48.00 0,6286 0.198105 
0.0600 50.00 0,6286 0,182573 
0.0600 55,00 0,6286 3,150337 
0.0600 60.00 0.6286 0.126787 
0.0600 65,U0 0,6286 0,108032 
0.000 70,00 3,6286 0.093150 
0.0600 75,00 0.6286 0.081144 
0.0600 80.00 3.6286 0.071318 
06 -9 
FINAL 	COMPUJFrj 	RESULTS 
STLSS -(EDLICTIOIJ FACTOR 
ALLS IN SINGLE CURVATURE 
[CC. AT ONE END LUAL ZERO 
HIT PHY V 
0.0700 5,00 0.0166 1.000000 
0.0700 6.00 0.0213 1.000000 
0.0700 7.00 0,0265 1.003000 
0.0700 8.00 0.0322 1,000003 
0.0700 9.0u 0.036 1.000000 
0.0700 10.00 0.01+57 1.000000 
0.0700 11.00 0.0538 1.000000 
0.0700 12.00 0.0631 1.000000 
0.0700 13.00 0.0739 1.000000 
0.0700 14.00 0.0667 1.000000 
0.0700 15.00 0,1019 1.000000 
0.0700 16,00 0.1202 1,003300 
0.0700 17.00 0.11+26 1.000000 
0.0700 18.03 0.1699 1.000000 
0.0700 -19.00 0,2033 1.000000 
0.0700 20.00 0.21+36 1,000000 
0,0700 21,03 0.2911+ 1.000000 
0.0700 22.Oo 0.31+70 1.000000 
0.0703 26.00 0.4101 1.000000 
0.0700 24.00 0.1+803 1.000000 
0.u700 25.u0 0.5570 1.000000 
0.0700 26.00 0.6226 0.651+751 
0.0700 27,UQ 0,6226 0.60711+9 
0.0700 28.00 0,6226 0.5b4555 
0.0700 29,0w 0.6226 0,526292 
0,0700 30.00 0.622b 0,491791 
0.0700 31.00 0.6226 0,1+60574 
0.0730 32.00 0,6226 0.42238 
0.07 0 33,00 0.6226 0.406439 
0.0700 34.00 0.6226 0.382882 
0.0700 35,00 0,6226 0,361315 
0.0700 66.uo 0.6226 0,341521 
0.0700 67.00 0.6226 0,323310 
0.0700 38.00 0.6226 0.306518 
0.0703 39,0 0.6226 0.291000 
0.0703 40.00 0.6226 0.276632 
0.0703 42.00 0.6226 0.20913 
0.0700 414,03 0.6226 0.228622 
0,0700 1+6,00 0,6226 0.209174 
0.0700 46.UU 0.6226 0,192106 
0.0700 50.00 0.6226 0,17701+5 
0.0700 nb.00 0.6226 0.146318 
0.0700 60.03 0.6226 0.122948 
3.0700 65.00 0.6226 0.101+760 
0.0700 70.00 0.6226 0.090329 
0 * 0705 75.00 0.6226 3.078686 
9.0700 cU,UQ 0.6226 3.069158 
c6 -10 FIIJAL 	COMPUTED 	RESULTS 
STRLSS EDUCTIO.j FACTOR 
I.,.IALLS IN SINGLE CUPVATURE 
CC. AT ONE END EQUAL ZERO 
L/T H/T PHY V 
0.0003 5.1)0 0.0183 1.01)0000 
0.0800 6.00 0.0236 1,01)0000 
0.1)300 7.00 0.0294 1.01)0000 
0.0603 8.00 0.0358 1.01)0000 
0.0600 9.1)0 0.0428 1.01)0000 
0.0500 10,1)0 0.1)507 1101)0000 
0.0800 11,00 0,0597 1,01)0000 
0.0800 12.03 0.0699 1.000300 
0.0800 13.00 0.0816 1.01)0000 
0.0600 14.00 0.0954 1,000000 
0.0500 15.00 0.1117 1.01)0000 
0.0600 16.00 0,1311 1.OU0000 
0.0800 17.00 0,157+ 1.01)0000 
0.0800 1,00 0,1899 1.000000 
0.0500 19,00 0.2164 1.01)0000 
0.0803 2016. 0 0.2569 1.000000 
0.0300 21,00 0,3045 1,01)0000 
0.0800 22.00 0.3595 1.01)0000 
0,OtO0 23.00 0.4218 1.01)0000 
0.0500 24,00 0.4911 1,000000 
0.0800 25.00 0.5668 1.000000 
0.0800 26.03 3.6168 3.654678 
0.0800 27,00 0.6168 0.588721 
0.0800 28,00 0.6168 0,547421 
0.0800 29.00 0.6168 0.510313 
0.0800 30.00 0,6168 0.476865 
0.0603 il.co 0.6168 0.44659r,- 
0.0800 32.00 
46595
3 0.6168 3.419119 
0.0800 .6,3.uo 0,6168 1.394103 
0.080 q 34. oo 0.6168 0,371261 
0.0800 35.1)0 0.6168 0.350349 
0.0800 66.1)0 0.6158 0.361156 
0.080o 37.00 0.6168 0,313497 
0.080"1 38.00 0.6168 0.297215 
0.0800 39.00 3,6168 0.22168 
0.0830 40.00 0.6168 3.268236 
0.0303 42,00 0.6163 0.243298 
o.udoo 44,1)3 0.6168 0.221683 
0.0803 46,00 0.6168 3,202825 
0.0800 48.00 0,6166 3.186275 
0,0803 50.1)0 0.6168 0.171671 
0.00O 55,00 0,6168 0,141877 
0.0800 0.U0 0,6166 0.119216 
3.0.10 5.00 0.6168 0.101581 
0.0803 70,00 0,6168 3.067587 
0.Q60 75.00 0.6168 0.076298 
0.3600 90.00 0.6168 0.067359 
c6-11 
FIHAL 	CLfl1PUTEr 	RLSULTS 
STRLSS I-cLDLICTIOtJ FACTOR 
HALLS IN SINGLE CURVATURE 
CC. iT ONE ND EQUAL ZERO 
LiT H/T PHY V 
0.0903 b.CIO 0.0199 1.000000 
0.000 6.00 0.0257 1.000000 
0.090J 7,00 0.0321 1.000000 
d,uQ 0,0391 1,000000 
9.03 0.0468 1.000000 
3.0903 10.00 0.0555 1.000000 
0.0900 11.00 0,0652 1.OU0000 
0.0900 12.00 0.0762 1.000000 
0.0900 13.00 0.389 1,000000 
0.0900 14,00 0.1036 1.OU0000 
0.0900 15.00 0.120ek 1.000000 
0.0903 16.00 0.111 1,000000 
0.0900 17.00 0.1653 1.000000 
0.0900 18.00 0.1942 1.000000 
0.003 19,00 0.2286 1.000000 
0.0900 20.00 0.2692 1.000000 
0.0900 21.00 0.317 1.000000 
0.0900 22,00 0.3712 1.000000 
0.0900 23.uO 0,4329 1.000000 
0.0900 24,00 0.5014 1.000000 
0.0900 25.00 0,5763 1,000000 
0.0900 26,0o 0.6111 0,615575 
3.0900 27.00 0,6111 0.570822 
0.0900 28,00 0.6111 0,563777 
0.0900 29,00 0.6111 0,494803 
0.0900 30.00 0.6111 3,4b2366 
0.0900 61.00 0.6111 0,433017 
0.0900 32.00 0.6111 0,406376 
0.0900 33,00 0.6111 3,382123 
0.0900 34.00 0.6111 0,3b9973 
0.0900 35.00 0.6111 0,339697 
0.0900 36.00 0.6111 3,321087 
0,0900 37.00 0.6111 0.303966 
0.0900 38.00 0.6111 0,288178 
0.0900 69.UU 0.6111 0.273569 
0.090o 40.00 0.6111 0,260081 
3.0900 42,03 0.6111 0,235901 
0.0900 44 • 00 0.6111 0,214943 
0.0933 46,03 0,6111 0.196658 
0.0900 48,00 0,6111 0,180612 
0.0900 50 100 3.6111 0.1b6452 
0.0903 55,0 0.6111 0,137563 
3.0900 60.00 0.6111 0.115591 
0.0900 65,00 0.6111 0,098492 
0.0900 70,00 0.6111 0,084924 
0.0900 75.00 0.'111 0,07378 
0.3900 bu.00 0.6112 0,065020 
C6-12 
F1;JAL 	CUfIPUTED 	RESULTS 
STRLSS REDUCTIOFJ FACTOR  
ALLS IN SINGLE CLJr/AT1JRE 
;-,CC* /\T ONE END EQUAL ZERO 
LIT H/T PHY V 
0.1000 5.00 0.0214 1,000000 
0.1000 6.00 0.0277 1.000000 
0.1000 7.00 0,0347 1.000000 
0.1000 8.00 0,0423 1.000000 
0.1000 9.00 0.0507 1.OU0000 
0.1000 10.00 0.0600 1.000000 
0.1000 11.00 0,0704 1.000000 
0.1000 12,00 0.0623 1.000000 
-0.1000 13.00 0.0957 1.000000 
0.1000 14.U0 0.1113 1.000000 
0.1000 1.00 0.1294 1.000000 
0.1000 16.00 0,1506 1,000000 
011000 17,00 0,175b 1.000000 
0.1000 1b.00 0.2051 1,000000 
0.1000 19.00 0,2399 1,000000 
0.1000 20,00 0.2807 1.000000 
0.1000 21.00 0.3281 1.000000 
0.1000 22.00 0.3823 1.000000 
0.1000 23.00 0,4434 1.000000 
0.1000 24,00 0.5112 1.000000 
0.1303 25,03 0.5855 1.000000 
0.1000 26,00 0.6055 3.596635 
0.1030 27.00 0.6055 3,553444 
0.1000 28.00 0.6055 0.514618 
0.1000 29,00 0.6055 0,479739 
0.1000 30.03 0.6055 0.448290 
0.1000 31.00 0.6055 0.1419834 
0.1000 32.00 0.6055 0.394005 
0.1000 33.00 3.6055 0.370488 
0.1000 34.00 0.6355 3,349015 
0.1000 65.00 0.6055 0.329356 
0.1000 36.00 0.6055 0.311312 
0.1000 37.00 0.6055 0.294712 
0.1000 38.00 0,6055 0.279405 
0.1000 39.00 0.6055 3.265260 
0.1000 40.00 0,6055 0.252163 
0,1000 42.00 0.6355 0.228719 
0.1000 44.00 0.6055 0,208399 
0.1000 1+6.4J0 0.6355 0,190672 
0.1000 48,00 0.6055 0,175113 
0.1300 50,00 0.6055 0.161384 
0.1000 55.00 3.6055 0,1.3375 
0.1000 60.00 0.6355 0.112072 
0.1000 b5.U0 0.6055 0.0951494  
0.1000 70.00 0.6055 0.082339 
0.lU63 75.00 0.6055 0,071726 
0.1000 i0.00 0.6055 0,063041 
C6-13 FIHAL 	COMPUTEn 	RESULTS 
STRESS <Er)UCTIOIJ FACTOR 
.J.ALLS IN SINGLE CURVATURE 
Cc. AT ONE END EQUAL ZERO 
LIT PHY V 
fl.1100 5.00 0.0227 1.01)0000 
0.1100 b,UC) 0.0296 1.OU0000 
0.1100 7,00 0,0371 1.01)0000 
0.1100 i3.Oo 0.0453 1.01)0000 
0.1100 9.00 0,0543 1,000000 
0.1100 lo.uo 0.0643 1.01)0000 
3.1100 11.00 0,0754 1.000000 
0.1100 12.00 0.U80 1.000000 
0.1100 13.00 0.1022 1.000000 
0.1100 14.00 0,1186 1.01)0000 
0.111)0 15.1)0 0,1375 1.01)0000 
0.1100 16.00 0.1594 1,000000 
0.1100 17.1)0 0.1851 1.01)0000 
0.1100 18,00 0.2152 1.01)0000 
0.1100 19.00 0,2505 1.OU0000 
0.1100 20.00 0.2915 1.000000 
0.1100 21,00 0,3389 1.01)0000 
0.1100 22.uo 0.3928 1.000000 
0.1100 23.00 0,4535 1.000000 
0.1100 24,30 0.5207 1.01)0000 
0.1100 25.00 0.5943 1.01)0000 
0.1100 26,U0 0.6001 u.578652 
0.1100 27,00 0.6001 0,5ó6583 
0.1100 23.00 0.6001 0.498940 
0.1100 29.00 0,6001 3.465123 
0.1100 0.U0 0.6001 3.434632 
0.1100 311110 0.6001 0.407044 
0.1100 32,00 0.6001 0,32003. 
0.1mb 33.00 0.6001 0.359200 
0.1100 34.00 0,6001 0.338381 
011100 3,U0 0.6001 0,319321 
0.1100 5b.UD 0.5001 0,31)1828 
0,1100 37,00 0,6001 0,285733 
0.1100 L.fl0 0,6001 0,270893 
0.1100 39,00 0.6001 0.257179 
0.1100 40.00 0.6001 0,244480 
0.1103 42,111) 0.0001. 0.221751 
0.1100 44.00 0.6001 0,21)2050 
0.1100 46.00 0.6001 0,14862 
0.1100 46,00 0.6001 3,1b9778 
0.1100 50.0(1 0.6001 0.156467 
0.1100 55.00 0.6001 0,129312 
0.1100 1 no.00 0,6001 0,106658 
0.1100 65.uo 0.6001 0.092584 
0.1100 70,00 0,601)1 0.079830 
2,1100 75,00 0,6001 0,009541 
0.1100 60.U0 0.6001 0.061120 
06-14 
VIRAL 	COMPUTED 	RLSULTS 
STFLSS HEflhJCcjfj FACTOR 
tJLLS IN SINGLE CURVATURE 
ECC. 3T ONE END E1JAL ZERO 
L/T H/i PHY V 
0.120o 5.00 0.0240 1.000000 
0.120@ 6.10 0.0314 1.000000 
0.1200 7.00 0.0394 1.000000 
0.1200 8.00 0.0481 1.000000 
0.1203 9,t)0 0,0577 1.000000 
0.1200 10.00 0,0683 1.000000 
0.1200 11.00 0,0801 1,000000 
0.1200 12,uO 0.0934 1.000000 
0.1200 13.00 0.1084 1.000000 
0.1233 IL4.UU 0,1255 1.000000 
0.1200 15.00 0.1451 1.000000 
0.1200 16.00 0.1678 1.000000 
0.120u 17.uo 0.1942 1.000000 
0.1200 18.00 0.2246 1.000000 
0.1200 19.U0 0.2605 1.000000 
0.1200 20,00 0.3017 1.000000 
0.1200 21,00 0,3491 1.000000 
0.1200 22.00 0,4028 1,000000 
3.120 23,00 0,4631 1.000000 
0.1200 24,00 0.5298 1.000000 
0.1230 25.00 0.5947 0.606797 
0.1200 26.00 0.5947 0.561018 
0.1200 27.00 0.5947 0.520231 
0.1200 28.03 0.5947 0.483735 
0.1200 29.00 0,5947 0,450949 
0.1200 6 0,03 0,5947 0.L1387 
0.1200 31,00 0.5947 3,394639 
0.1203 62,00 0,5947 3,310360 
0.1200 63.uo 0.5947 0.38254 
0.1200 34.00 0,5947 0,328069 
0.1200 6b,00 0,5947 01309590 
0.1200 36,03 0,5947 0.22630 
0.1200 37,00 0.5947 0.277026 
0.12Cc ö.Ufl 0,5947 0,262637 
0.1200 39,00 0.5947 3,249341 
0.1200 40.00 0,5947 0.237030 
0.1200 42.00 0.5947 0,214993 
0.1203 44,00 0.5947 0,195893 
0.1200 4,00 0,5947 3,179229 
0.1203 48.00 0,5947 0.1b4604 
0.1200 50.00 fl •5947 0.151699 
0.1200 55.00 0.5947 3,125371 
0.1200 60.00 3,5947 0.105347 
0.1203 65.00 0,5947 0.089763 
0.1200 70.00 0,5947 0,077398 
0.1200 75,03 0.5947 0.067422 
0.1200 80,00 0.5947 0,059258 
C6-15 
FiNAL 	COMPUTED 	RESULTS 
STRESS REDUCTION FACTOR 
WALLS IN SINGLE CURVATURE 
ECC. \T ONE END EQUAL ZERO 
L/T li/T P-iY V 
0.1300 5.00 0.0252 1.000000 
0.1300 6.00 0.0330 1,000000 
0.1300 7,03 0.0415 1.000000 
0.13013 8,00 0.0503 1.000000 
0.1300 9,110 U,U09 1.000000 
0.1300 10,00 0.0722 1,000000 
0.1300 11.00 0,0846 1,000000 
0.1300 12.uo 0.0985 1,000000 
0.130o 13,00 0,1142 1.Ou0000 
0,13010 14,00 0.1320 1,000000 
0.1300 15.00 0.1524 1,000000 
0.130 16.00 0.1757 1.000000 
0.1300 17,00 0.2027 1.000000 
0.1300 16,00 0.2339 1.000000 
0.1300 19,00 0,2699 1,000000 
0,1300 20.00 0.3114 1.000000 
0.1300 21,00 0.3587 1.000000 
0.1300 22.00 0.4123 1.000000 
0.130u 23,00 fl,4723 1.000000 
0.130o 2.00 0.5386 1.000000 
0.1300 25.00 0,5896 0.586311 
001300 26,00 0,5596 0,53926 
0.1300 27.uo 0,5896 0,504381 
0.1300 28.00 fl.5696 0,468995 
0.1300 29.00 0.5696 0.467211 
0.1300 30,00 0,5896 0,4U5549 
0.1300 31.00 0,5896 0,32616 
0.1300 32,00 0.5896 0.359076 
0.1300 53.00 0.5896 0,337644 
0.1300 34.00 0.5696 0,318074 
0.1300 65.00 0,5896 0,300159 
0.1300 3b.00 0,5896 0.283715 
0.130n 37.uO 0.5896 0.268586 
0.1300 8.00 0.5696 0.254636 
0.1300 39.00 0.5396 0.241745 
0.1300 40.00 0.5896 0,229809 
0.1300 42,00 0.5896 0,208443 
0.1300 44.00 0.5896 0.189925 
0.1300 46,00 0.5696 0,173769 
0.1300 48.00 0.5896 3.159589 
0.1300 bo.uo 0.5896 0.147078 
0,1300 55.00, 0.5896 0.121552 
0.1300 60.00 0.5896 0.102137 
001300 05,00 0.5896 0,07028 
0.1300 70.00 0.5896 0,075040 
0.1300 75.00 0.5896 0,065368 
0.1300 oO,00 0,5895 0.057452 
C6-16 FIIAL 	CUMPUTEp 	RESULTS 
STFESS REDLICTIOjI FACTON 
ALLS IN SINGLE CUPV/.TUR[ 
Ecc. AT LINE EUD EQUAL ZERO 
L/T IJ/T Roy v 
0.1400 5.00 0.0263 1.000000 
0.11400 6.1)0 0,0345 1.000000 
0.2.400 7,Uj 0,0435 1.000000 
0.1433 6.00 0.0533 1,000000 
0.1403 9.03 0.0640 1.000000 
0.1400 10.Ou 0.0758 1.000000 
0.1400 11.00 0.0889 1.000000 
3.1400 12.00 0,1035 1.000000 
0.1+0o 13,0 0,1198 1.000000 
0.1400 14.00 0.1363 1.000000 
0.1400 15.00 0.1593 1,000000 
0.1400 16.00 0.1833 1.000000 
0.1403 17,00 0.2108 1,003000 
0.1403 18,uu 0,2425 1.000000 
0,1400 19.00 0.2789 1,000000 
0.1400 20,00 0,320 1.000000 
0.140j 21.00 0.3680 1,000000 
0,1400 22.00 0.4214 1.000000 
D.J'4-OCI 23,00 0.4811 1.000000 
24.00 0.5470 1.000000 
0.1403 25.00 0.5845 0,570402 
0.1400 26,00 0.58145 0.527369 
0.1400 27,00 0,5845 0,489028 
0.1403 28,03 0,5645 0.454721 
0.1400 29,U 0,5845 0.423902 
0.1403 30.00 0.5845 0,396113 
0.1403 31,00 0.5845 0.370969 
0.1400 36.00 0.5845 3,36146 
0.103 33,00 0,b85 0.327366 
0.1400 .4,00 0,5845 0,308392 
0.140o 35,00 0,5845 J,21022 
0.1430 36,00 0.5645 0.275076 
0.1400 37.00 0.5845 0,260410 
0.1403 38.00 0,58145 
0.1'400 
 0,246885
69.uo 0.5845 0.234386 
0.1430 40,Jfl 0,585 0.222813 
1).10j 42,130 0.8L5 0.202098 
3.1430 44.00 0.5845 0,184143 
0.1430 46,00 0.5845 3.168479 
0.1400 48.00 0.5845 3.154732 
0,11400 50.00 0.5845 0.142601 
0.1403 55.00 0,5845 0,117852 
0.1430 60100 0.5845 0,059028 
0.11433 65.00 3.5845 0,064379 
0,11403 70.00 0,58145 0,0 12755 
0.1403 75.00 n.585 0.063378 
14 0 80.00 0.58L5 3.055703 
C6-17 
FIJAL 	CONPtJTED 	RESULTS 
STRESS FEflUCTIQIj FACTOR 
jALLS LN SINLr CURVATURE 
CCC. AT ONE END EQUAL ZERO 
L/T H/I PHY V 
0.1500 5.J0 0.0273 1.000000 
0.1530 6.30 0.0360 1.000300 
0.1500 7.00 0.0454 1.000000 
0.1500 .UQ 0.0557 1,000000 
0.1500 9100 0.0670 1,000000 
0.103 10.00 0.0793 1.000000 
0.1503 11.00 0.0930 1,000000 
3.1500 12.00 0.1081 1.000000 
0.1503 13.00 0.1251 1.000000 
0.1500 14.00 0.1442 1.000000 
0,1503 15.00 0,1656 1.000000 
0.1500 16.00 0,1904 1.000000 
0.151,13 17,00 0.2165 1,000000 
0.1500 18.00 0.2507 1,000000 
0.150o 19,00 0.2874 1.000000 
0.1500 20,00 0.293 1,000000 
0.1500 21,00 0.3769 1.000000 
0.1500 22,00 0,4302 1.000000 
0.1503 23,U 0,4896 1,000000 
0.150u 24.00 0.5552 1.000000 
0.1500 25.00 0.5796 0,553064 
0.1500 26,00 0.5796 3.511338 
0.1500 27.00 0.5796 0.474163 
0.1500 26.00 0.5796 0,440399 
0.1500 29,00 0.5796 0.411016 
0.1500 30.00 0.5796 0.34072 
0.1500 31,00 0.5796 0,359693 
0.1500 32,00 0,5796 0,37563 
0.1503 63.00 0.5796 0,317415 
0.1500 34.00 0.5796 0.299018 
0.1503 35.00 0.5796 0.282175 
0.1500 36.00 0.5796 0,266717 
0.1500 67,00 0.5796 0,252494 
0.1500 66.uo 0.5796 0.29380 
0,1500 39,00 0.5796 3.227262 
0.1500 40.00 0,5796 0.216040 
0.1500 42.00 0,5796 0,195955 
0.1500 44,00 0,5796 3.178546 
0,1500 46,00 0.5796 0,163353 
0.1500 48.U0 0.5796 0,150023 
0.1533 50,uo 0,5796 0,138266 
0.1500 55.00 0.5796 0.114269 
3.1503 b0,u3 0.5796 0,06018 
0.1503 65,00 0.5796 0,081814 
0.1500 70.00 0,5796 3.070544 
0.1500 75.00 0.5796 3,061452 
0.1500 30.00 3.5796 0.054010 
C6-18 
FIIJAL 	CUMPIJTED 	RESULTS 
STRESS RLDhJCTIOr, FACTOR 
JALLS IN SINGLE CURVATURE 
CCC. AT ONE END EQUAL ZEFO 
L/T H/I PHY V 
0.1600 5.00 0.0283 1.000000 
0.1603 6,00 0.0374 1.000000 
0.1003 7.00 0.0473 1.000000 
0.1600 4.00 0.0580 1.000000 
0.1600 9.00 0.0696 1.000000 
0.1603 10.00 0.0827 1,003000 
0.1600 11.00 0.0969 1,OU0000 
0.1011 12.00 0.1126 1,000000 
0.1600 13.00 0.1302 0,994895 
0.1600 14.00 0.1499 0.9/4026 
0.1630 15.00 0.1721 0.974026 
0.1600 16,00 0.1973 0.974026 
0.1600 17.00 0,2259 0.574026 
0.1600 18.00 0.2585 0.974026 
0.1600 19.00 0,2956 0,974026 
0.1600 20,00 0.3377 0.974026 
0.1600 21,Uu 0,5852 0,974026 
0.1600 22,00 0,4385 0.974026 
0.1600 23,03 0,4978 0,974026 
0.1600 24,u0 0.5631 0,974026 
0.1600 25.00 0,5748 0.556285 
0.1600 26.00 3,5743 0.45826 
0.1690 27.00 0.5748 3,59773 
0.1600 28,00 0,5748 0,427523 
0.1600 29,00 0.5744 0,398547 
0.1603 3U.uO 0.5748 0,372421 
0.1600 31.00 0,5748 0,348781 
0.1600 32.00 0.5748 0.327323 
0.1600 33.00 0.5748 0.307786 
0.1600 34.00 0,5748 0.289947 
0.1600 .5,00 0.5748 0.273615 
0.1600 36.00 0.5748 0.258625 
0.1600 37.00 0.5748 0,244834 
0.1600 68.00 0.5748 0.232118 
9.1603 39.00 0.5748 0.220367 
0.1600 40.00 0,5745 0.209486 
0.1600 42,00 0.5748 3,190010 
C.lbOct 44,03 0.5748 0.173129 
0.1600 46,00 0.5746 0,158402 
0,1600 48,00 0.5748 0.15477 
0.1600 50.00 0,5748 0.154071 
0.1600 55.00 0.5748 0,110803 
0.1603 60.00 0,5745 0,093105 
0.1600 65.00 0.5748 0,079332 
0.1600 70.00 0.5748 0,368404 
0.1600 75,03 0,5748 0.059587 
0.1600 60.00 0.5748 3,052372 
bBYTES USED 	JJ&)-STLP RETURU CODE 
CTCTL3/ 
E.R.C.C. FOFTRAIJI COMPILER RELEASE £ VERSION b 
C 	STRESS REDUCTION FACTORS 
C WALLS IN SINGLE CURVATURE 






UO3 FOPMAT('l',// T21i 9 1FINAL 	COMPUTED 	RESULTS'/) 
004 FO1AT( 	22X'WALLS IN SINGLE CURVATURE') 
005 FOP1AT( /13X9'L/T',12X9'H/T'910x9'PHy'9l3x,tv/) 
006 FORrAT( 	12X'F6,418X9F6,298X,F694 'X,F6.6) 
007 FO:AT( 23X,'STRESS REDUCTION FCT0R'/) 
021 FORMAT( 	22X,'FCC. AT ONE END EQUAL ZERO'/) 
008 READ(5'l) (E(I),I1,18) 
009 READ(592) (SLENfl(U) ,J1,L47) 
010 DO 2bC I1'1 
011 DO 260 J1947 
012 REALK( (SLLNO(J) )**2)/(55.5) 





018 GOTO 20 
019 BPOST=(B) 
020 C=(15.655*E(1 ) )*2)+((,0)/(,0) )*REALK 
030 xRoflT(rP0ST**2)_(4.0*(A)*(C) 
031 IFX.POOT)160  ,32,32 
032 pHy1(-(b)+(BPUST**2-4,0*(A)(C) )**O.5)/(2.*(A)) 
033 PHy2(-(U)-(bfOST**2_4,0*(A)*(C) )**o.5),(2.*(A)) 
034 PdYB( (1.LI))+(I4.*E(I)**22.*E(I)+1.0) 
035 IF ( PHY1 ) 7036' 36 
036 IF(PHY2)3793739 
037 PHy20 
04 GOTO 42 
039 PHy2PHY2 
040 PHYrIJZ(PHY1-PHY2) 
041 IF (PI Y1IN)42,42,51 
042 PHY1PHY1 




054 GOTO 57 
355 PHy1(9.*fEALK*iSLEND(J)/2,) )/( (8,*( (SLEND(J)/2. )-1.5)) 




U0 GOTO 72 
070 PHYPrYR 










64 072 CHECK2(PHY-E(1)) 
65 073 1F(CHCIc2)74,74,90 
66 074 V1= 	C9.0)/(b.0) )*l.02.U*E(I) ) 	(SLEND(J) >/(2.0) 
7 7  
2/((SL[JD(U)/(2.0))-(1.5)) 
68 075 Vf1AX1.0 
9 076 IF(J1-VHAX)77.77,79 
73 077 Vv1 
71 078 6010 200 
72 079 VVfAX 
73 U60 GOTO 203 
74 DO  
75 103 VkAX1.O 
76 110 IF(v2-V1AX)12U,12U,140 
77 120 VV2 
7b 130 GOTO 200 
79 140 VAX 
80 150 GOTO 200 
62 170 CHLCF3(PHYE(I)) 
33 180 IF(CHCC(3)19U.192,192 
34 190 Z(33.31*}F1Y)*N.1.2.*E(I))**2) 
191 GOTO 	193 
66 192 Z33,i*PHY*(1._((E(I)+PHY)**2)/(2.*P-1y))**2 
67 193 V3=2/REAL 
88 194 Vx=1.0 
89 195 CHECKLF 	(V3-V'4AX) 
90 196 IF(CHECh4)179197,199 
91 197 \/=\J3 
92 198 GOTO 200 
93 199 VV  AX 
94 200 IF (SLEJD(U)-5. 0)210,210,250 
95 210 IrJRITE(6,3) 
96 220 RITE(6,7) 
97 230 'JRITE(6,4) 
98 231 WRITE(6,21) 
99 240 RITE(6,5) 
100 250 PITL(696) 	([(1),SLEND(U)'PHY,V) 
101 260 CONTINUE 
102 270 SToP 
103 260 END 
1 C END OF PROGRAM 
2 C INPUT DATA FC)K ABOVE PROGRAM : 
3 C ECCENTRICITY/WALL THICKNESS 'E/T' 	VALUES : 
C .1666 .18 	920 .22 .24 .26 .28 ,30 
5 C 34 ,36 .38 .40 .42 .44 .46 .48 
b C SLErJUERNESS RATIO 	'H/T' VALUES 
7 C 5.0 6,0 	7,0 	8.0 9.0 10.0 11.0 12.0 13.0 
8 C 15.0 1,.0 17.0 16.0 19.0 20,0 21.0 22,0 23.0 
9 C 25.0 26.0 	27.0 	28.0 29.0 30.0 31.0 32,0 33,0 
10 C 35,3 36.0 37,0 38.0 39.0 40.) 42.0 44•0 46.0 
11 C 50.0 52,0 	54,0 	56,0 58,0 60, 65,0 7,0 75.0 
12 C END or INPUT DATA, 
CJDE+LA+SYNTABS+ARRAYS = 3680+ 736+ 296+ 264= 4976 BYTES 
*CQjPILATIflN SUCCESSFUL 
C7_3 
FIJAL. 	C11 , cPuTEfl 	LSULTS 
STRESS 	:iCTIJi. FiWTOF. 
.;iLLS IH SlJGLE CHrV,TUkL 
ECc. iT ONE Lfij EIiJAL Z 
L/T '1 
5.03 3.0570 
C • 1E8 o, U: 3 • 357 j. • 
1c 7. iC C • 1 • 
e,o 0.0935 1,03300 
C.16r C) '9.0 0.1109 1.OU0000 
E.166 10.03 0.0951 1,0000013 
11.00 C.1126 1.000003 
12,U 0.1323 1.000000 
13,U 0.1543 0.9(5195 
14.00 0.1790 0.749668 
15.00 -5,2Q5 0.7f5307 
0.2374 
17.u3 0.2721 3•727j44 
0.16-A 18.00 0.3114 0,7.12271 
19,u 3,.5t-'5 u.3252 
20.00 3.4092 3.E,69261 
21.00 3.4727 666 
22.U0 fl.55: 3.597470 
23.0 1.57i. 0.547367 
C.16E 24.30 0.5718 3.5i2'+23 
26.00 P.573 3.8104 
27.00 0.571: 
0.5713 0.369131 
0.16E 29.00 0.571. 0 	3'44112 
30,00 D,5713 3.321554 
.16E3 31.uL 0.5714 3.301143 
6 2.00 D.571 0.22616 
33.00 0.7i8 0.25747 
3.2D3345 
3.1683 .55.03 C.571 D 3.236244 
J.1bt 3o.U0 P.571b 0.223301 
0.1365 37.00 0,5715 3.211394 
fl.571i 0.21i0414 




0.1634 4-6,03 0.571c 0,136767 
0.1636 4-.60 3.5713 3.1407 
0,5713 U.11575 
0.1343 55.03 0.57i J.U569 
bJ.U0 .D71' J.O0333 
3.571 
70.uJ C.718 
7D.U0 p.5713 0.351449 
0.5713 0.045218 
C7-4 
FI;JAL 	CUiPUTEfl 	kLSLJLTS 
TESS KEflI)Tpi)J FACT(JN 
,iLLS ill SIlJGLE cJPvf\TuRE: 
:cc • aT L'E END EQUAL ZERO 
L/T H/ 1- PHY V 
0.13 ,U0 1.0u0103 
O.lLiOcl r.U0 fl.06&5 i.000nao 
O.13C 7.U0 fl.015 1.CU0.00 
1.003000 
,11bD 1.Oo000C 
10.110 0.1001 1.0JC303 
0.1UU 11.U0 0.11c,C; 0.990 ,10,11 
C.1it.iu 12.03 0.133 0.9E0330 
13.uU n.iio 
3.1500 14,(i0 0,15E4 3719377 
0.1500 15.03 1.2149 0.716614 
16.00 0 • .9 1.709801 
0.1hU 17.u0 0,2 66 1 U.65381 
0.lcO0 1, .U0 C.6243 
0.1&0O 19.00 fl.3721 0.E64227 
O.li:00 20.03 0.4236 u.E7E3 
0.1000 21.03 fl.495& 0.6U5+6 
0.1500 22.03 35615 
2..00 C.655 U.11212 
J.69499 
25.uu 0.5E5. 0.1452690 
0.10c 2.J0 0.5655 0,400046 
27.00 5 Is t-As 0.3/0962 
25.03 
0.15.03 29.U0 0,55 0.321559 
0 . lbo 60.U0 33UO483 
0.251406 
0.100 52,00 0.5656 
Is t3,245330 
0.1303 64.uO i.b65 3.253937 
.220760 
0.150 6.U0 1.5658 0.2U66G 
0.180n 57,U0 0.565E 0.1'7539 
0.17279 
3.i(779 
0.1800 40.u3 0,5555 3.19020 
C.103 42.00 0,5656 0,153306 
0.13u3 44.U) 0.5655 J.1L9686 
3.558 'J.17203 
0.1001' L+5.uc 11.5655 u.117375 
50.03 ".555C J.iu6173 
0,1803 C.655 u.059399 
60.00 15555 ).075120 
1- .1301 t,5,00i 0.565i 0.0E4007 




Fi:iL 	CUHPUTED 	RLS1L1 S 
STrLSS hEUCTIOH F/C IC? 
i/LLS hi SIrIGLE CURViTUrc[ 
:cc • AT ONE LiJfl E:@.1;L ZERO 
LIT H/I pliy V 
0.20c 5.00 0.U34 1.000000 
c 	ooc ,U3 0.0730 1.0u3000 
3.2003 7,uQ 3.u870 1.0U0300 
3.2003 &.UO (.1039 1.Ou0000 
0.2000 9.00 0.1232 1.OU0000 
0.233: 10.00 0.10134 J.9bL+286 
0.2C3 11,u0 0.1271 3.923125 
12.U0 fl,14h3 0.9U0000 
0.20u0 13,00 0 .172j. 
0.L,UU 14.00 fl.19&8 .J.b9n9 
0.20u3 15.00 fl.22&9 
0.2u0( 1.[;u .2E29 
0.2000 17.00 0.3017 U,.55705 
0.2C0 lb,UC 0..'+65 U.4U162 
0.2330 1UQ 0.3992 0.(J90E 
0.2000 20.00 0•59D L. 97 
3.2000 21.uO 3.5435 3.55046 
3.5573 1.5u175 
0.200Q 23.Ui, 0,5573 0.458999 
0.2000 24.00 0.5573 0.421546 
0.2000 25.U0 0.5573 0.36E497 
0.2303 26,03 0.5573 0.359187 
0.2000 27.03 1,5573 0.33074 
0.2000 28.10 3,5573 0 	U9707  
3.573 3.2sY717 
0.2000 30.00 0,5573 0.269790 
3.2003 61,1O 0.5575 0.252E35 
0.2000 62 o OO 0.5573 0.237123 
3.2030 6,u0 0.5573 
0.2000 n4.00 3.5573 3,210044 
0.2000 35.00 (!5573 3.193213 
3.2003 36.00 0,5573 ii.167354 
0.2003 7.CO 0.5573 J.177364 
0.2000 O8.U0 0,5573 3.16815? 
0.2030 39,03 0,5573 0.159639 
3.2003 40.03 3,5573 3.151757 
0,2300 42.00 0.5573 167641-3  
'.2 b 4 4.u0 0.57 3.12541 
0.2000 6,UO 0.5573 0.114750 
0,2300 '+8.00 3,5573 3,105387 
3.2333 50.uj 3,5573 3.097124 
0.2000 55,113 0.5573 0 	3t0268 
bu.Ju 0.s573 
0.4300 bb 	00 0.5573 0.057470 
7 0 0.5573 3.u9553 
0.2303 75.Ui) 0.5573 3.0'+3166 
0.2303 83,1)0 0.5573 0.07939 
C7-6 
F I 	l.k L 	CCI '1 PUT ED 	RESULTS 
STFLSS '- LflUCTIO(J FfCTuR 
;I[LS 1JJ S Ii'i&LE C'.JRV/TURL 
FCC. i\T iJE Li'i[) LGJIIAL EJtL) 
ti/i PHI V 
5.00 0.0679 1.000000 
.UL) 0.U7'2 i.JJ0000 
7.03 3.1)932 i.033u0 
3.2jn 6.00 .1113 1.000000 
3.2iJ3 '9.ULJ 3.1320 U.9-5030 
10,00 fl.1iL0 0.900000 
2.2200 11.00 0.1376 
0.220(1 12.IJU 1.1597 H.64 0000 
0.2200 13.00 0.1R'13 
14.u0 fl.210 
1b.iio 0.451 -1559 
0,2616 C.,22q27 
17.00 0,6236 0.t-21332 
0 .22J) li • 00 P • 3730 3 .5470 
0.4327 3.571230 
2.22)0 20.01) r1.5U5 
0.2233 21.J0 051494 
3.2230 L 2.0i) 0.51+914 O4146465 
2.2203  
2.200 24PJ 0.51494 0.3751514 
0.2U0 25Uj i.494 3.3145742 
3.2233 26,3 3.D914 3.3195E3 
0.2230 27.00 n.549 
0.22(2(j :3 • 5+,14 2,2756214 
0.2200 2).03 O.SL+94 3.25691+3 
3.21+0099 
22 0.D494 
0.2203 32.0u 0.51494 3,211225 
3.2203 3.5491+ J.1'01+29 
0.2230 34.33 0.549'+ .1928 
.17r,399 
0.2200 3o.U3 0.5'9 
0.2233 D/.u3 0.51+94 3.17fl144 
3.2220 33.UU 105494 0.14961+6 
3.2200 69.00 3bLf9. J.142070 
0,549L C.165n5ol 
0.2233 42,Uj 0.51+94 12 
0.2200 41f.ti0 0.5491+ J.11116 
2.2230 46.00 0.5'+9'4 3.102121 
3.2203 '-•J3 11,5L34 J.0"3769 
C.223 hJ.1JD 3.544 
3.2233 55.03 3.5lrL 3.071431+ 
fl.201 r0.Uij 0.549% 3.060025 
05,U0 0.2230 
 
3 • 549'+ 
3.2223 70.30 P.549f 
0.2200 fDo 1 1549l4 
3.2233 ti0. 'Ill c 3,543+ 
C7-7 
F1.iL 	CUMPUT[fl 
STUESS LfluCT TON FCTOR 
NALLS JJJ SI'JGL[ CURV/TUP 
ECC. /T NNE LrJn EQUAL Z[RU 
L/T H/I 
.24J tD.i)Q flQ73J 10UfliJQ0 
1 	NJ 0000 
7.uG f.10u l.0ULj0 
2 	30.119 .) 	60C 
0.1422 (j, f753Q 
1U .0 0 .1289 J.5714 
2.2400 11 	0O 2.19b EULf75 
3.1729 ].7U00P 
0.1994 i.7c3500 
0.2403 14.UU 3.2295 3.744545 
15.0 2.2o3 0.53737 
0.240: 1.3c 0.05 .i5(753 
0.2403 .L7.lnJ CLf9B 35L5615 
3.2403 1c .U3 0.4055 3,b7OU5 
:).240 19.00 0.'-t763 
0.24u] 20.03 0.5421 3.475391 
0.2400 2..03 0.5421 
0.2403 22.uu 0.42i 1.3329b 
0.2403 d3.U0 0.5421 3.359342 
1• 5L J3,,343fl 
3.2433 2 5.Lu 0.D421 3,304570 
J.2c1592 
7.0U c.521 
3.2 4 2 	U (;.421 J.242031 
3.2cb3'45 - - 
3.5421 3.133082 
0.2-03 32.Uu 3.5'+21 j.1c35895 
3.5421 
3.2433 35.00 1,5421 3.155393 
3.2403 56,ut 3,5421 
0.2433 6 7.u0 fl.D421 3.139343 2 Ll0 3 38 • U 3 0.5421  0 • 161426 
3.125152 
0.00 42,03 3.5421 3,1U7i2 
24 	J '+4,00 0.5421 0.033325 
".0°9960 
0.2430 4 5,00 0.5421 0.Th2320 
2.243] 0.03 0.5421 0.371143 
3.2403 D5.U0 3.5421 
oU.U3 3.-f21 3.3D2377 
3.5421 J.C45]5 
3.2433 70.0u 0.5421 
. 24 /5 .0k) .5421 3 41 
?43 J OU,u3 0.5421 3.02E743 
C7-8 
Fi./\L 	L0 iPuT[rj 	PLSULTS 
STiLSS 1,, LD1iCTI31 rI\LToi 
zLLS Ili S INGLE CUV.TUKL 
CC • AT UiJE EtJD EJiIL ZLU 
L/T i/T 
fl .U732 1,002000 
D.2tY30 o.uU fl.V91 1.0U0.000 
7 	u 0.1087 0.945000 
3.664033 
C.2bJ 3.1543 0.610303 
0.263 10.33 
 
Ci 	i4lLi .711428 
0.2600 11.00 0.1632 0.742500 
0.2610 12.00 0.1320 0,743000 
3.2630 13.du 3.2162 0.702303 
0.2600 14.00 0.2466 0.67273 
0.2h30  1).UtJ 0.2260 3,536675 
lb.UU 0.32 0.531734 
0.4523 17,00 0,3819 0.512127 
0.2500 1,0U 1.L4473 1,495832 
0.5354 
0.5354 ).414279 
0.2603 21.Uu 0,5354 0.375763 
0.2630 22.uO O,535 0.34237 
0.5354 n.313254 
44.iu 3.5354 0.267693 
0.263: 5.L 3.h35+ 1.2h5135 
3.2603 r,5354 3.25135 
3.2690 27.00 2,5354 3,227313 
0.2Jo 20,Oi; 0.535% 0.211367 
0.23p 29.00 0,535% 0.197041 
C.200 30.00 0.535% J,1%124 
0.2630 31.09 0,3b4 3.1f243 
0.2630 32,00 0,535% 0,1b1628 
6 •00 53t4 io216  
3.2r33 4.U0 0.535% 3.143349 
3.263) 0.554 3.i5275 
3.2602 35,00 iJ.5354 
1).2000 37.00 0.D354 0.121046 
J.uu 3.535% 1.114759 
3.2633 39,03 0,354 3.108949 
0 L; 4J.u3 3.354 3,103570 
C.20fl 42.00 0.5354 0,093941 
14.400 0.5354 U.U65595 
3.535% 3.C7331+ 
2.2o00 46.00 0.5354 0.07123 
3.5354 J.C*b285 
55.00 J,535L4 3.354731 
6,j 1 h0.LJ0 0.5354 (131 
1.263 b3L)4 J.159222 
13.03 0,3D- 
7,uu 3,5354 3,049'460 
I • 2 	0, • 0 • 5654 3. 0.392 
C7-9 
FIL'\L 	CLLIPUTEfl 	ilESULTS 
STLS rEflUCTIQIl FACTO 
.:;\LLS irI SINGLE CURVATURL 
:cc. AT 0111 E LrJD LC.UAL ZLRU 
L/T H/ F PlY v 
5.U3 fl.Uth4 1.Ou0000 
2,30 0 0.099h 3.990000 
0.2J0 7Uü fl.11c€ J.E25D 
Ll.l4lD J.7230Q 
3.725C3 
10.uJ 0.155E 3.7U7143 
110j 0.179u ),(c3C25 
0.2055 0.c00003 
1.L0 0.2359 J4 3 5Qfl 
303 
15,u3 0.3124 
17,liu .422 0.4t733 
fl..D0b3 6 10 
3,5294 
0.2JU 2  0.5294 U.355EDL+7 
0.5294 J..322532 
3.5294 3.23923 
0.2303 23,03 11.5294 0.26520 





29.93 0.5294 3.163154 
J.2330 30,03 3.5294 0.1b3065 
3.230'; 31.03 3.b29Z+ 
0.2o33 32.33 0.5294 
3.2030 0.52+ 3.10r,33 
:,.20J 34,u  3.12061 
0.2003 0.5294 J.11130 
3.200 36.uJ 0.52)4 0,10976 
C.2r33 37•Uj Q.i294 u.103914 
63.33 0.5294 
39.uJ 3,5294 3.093530 
3.5234 0.0b912 
0.2Uo 42.03 0.5294 0.0O46 
0.23011 44.Ju 0,5294 3.013481 
n,DLf 0,n7230 
4d.O0 0.5294 0.C.1744 
.03b9OLf 
0,5294 3.347:320 
bu,uJ 0.5294 3.03516 
0.2Ci 05.33 0.5294 3.03371 
73.30 0,294 3.J9032 
2.2BJ) 75.03 0.5294 3.025290 
3.5234 1.C2222E 
C7-1 0 
I 11W 	Cu1PJTE 	LSULTS 
STS rE)uCTIQ!' rcTOF 
.ALLS Ui SINGLE CiJPV/TU1?[ 
0CC • AT ('JE LJfl h t31l/\L ZERU 
r H/I HHY V 
0.300: 5.Uu 0.0951 1• 0u0000 
0.3330 b.U0 fl,1p5 0,u0000 
0.3300 7.00 0.1305 j.7o7SCu 
0.i553 ü.70330 
0.3033 9.up 1.1346 0 • (:i5000 
1,1725 0.E42357 
11.00 0,1973 
12.03 0.2259 0.u00DU 
0.3003 13,33 0.2592 .5c5300 
0.3JUo 1'4.U3 0.29d2 U.f2727 
15.03 0.34 ii 3 0.472+ 
0.'402G .46-286 
J.300 0 17,03 0,403 J.'-1132S 
15,uJ 3.5239 3.373715 
0.5239 0.3.2719 
3.3000 20.03 0,5239 J.3u0279 
0.5239 0.72362 
0.3003 2.0 0.5239 J.2165 
U.33H0 2.J3 0,5269 J.22705+ 
3.3000 4.Ou 0.5269 3.205527 
.3U3o 25.0) 0.5239 0.12i7 
0.239 3.177650 
0.5239 (;.io762 
28.L 3.sD9 0ei320L4 
0.3302 3.5239 3.1+2520 




0.3333 6',u3 fl.5L 1- 3.133903 
35,30 C.239 J.0051J 
u 1) 0.5239 3.02679 
0.3033 67.J0 3,D239 0.C7737 
fl.s23 3.375969 
O • 3031 40 • 03 0.5239 J.075070 
3.239 3.065093 
0.523? 1.320'41 
3.3303 46.o3 0.239 
i3 Os2132 
0.3J,  0,11 .u0 0,D23j 
0.3000 D5,33 0,5233 
3._5 oj 	0.1 3 1.fl33 
0.5239 332' 




rI:IL\L 	CUiiPUTFfl 	L SULTS 
STRL$S E1"UCTI01i F\CTCiC 
v.ALLS Lii Si'lGLE CUR/,\TJPE 
CC • Al I)llf- LUD EUUAL ZEU 
L/T H/I V 
0.1355 1.0U3000 
3i. 32)P h • ui ii • 1217 0 •3U-9999 
7,13 l,144i 0,7U375.J 
3..731 1.tY-f3003 
0.32u3 1D.U0 0,1913 
3.3233 .L1.lJu 13 0 u.5375 
J.2.J3 !.21J2 J.54u30u 
0.3200 3.2872 0.52b503 
0.3230 14.0U 3.6315 [).4U776 
1D,U;l 0.6G 0,35569 
1b.0 0.4599 J,j_053 
.32J0 17.IJ0 0.5191 0.3'+3907 
0.320u 18.U0 0.5191 3.335756 
0.6230 19.30 3.5191 i.27531 
20.Uti 3.5191 0.21-f8472 
fl.320J 1,U1) 3.5191 3.5372 
0.3333 2 2.3u .5191 J.7U5349 
0.3233 23.30 0.s191 0.17881 
0.3230 2+.0 j .5191 3.172550 
0.3200 25,33 0.I91 3.159022 
0.3233 2.u3 3.5191 
0.3203 .b191 166 3 36 
0.5191 3,126772 
fl.32Ju 29,U[) 0.5191 3,118130 
0.3230 30.00 P.5191 J.110432 
3.3230 51.33 0.5191 J.3('3'422 
0.32U 0 32.00 0.5191 L~ 147 06"1 
3.320C 3.3.03 0.5191 
3.5191 0005977 
35.00 0.5191 .i.Lic1134 
3.3203 3t.ti0 0.5191 3.n7669 
0.3233 37.Jj 0.5191 307200 
0.3200 36 	Li 3.5191 




42.00 3.5191 3.05o343 
0.3233 4 4 	OU 0,5191 1.351337 
3.3200 '4r,d3 0.5191 
3.5191 
3.3203 50.00 0.5191 0.339756 
3,3)33 55•J3 3.191 3.062355 
0.3203 60.03 0.5191 J.02760.3 
C.23u 65.03 3,5191 3.ij2352L 
7u.uj 3.5191 3.020283 
3.3201 75.00 3.5191 J.3i766H 
3.3233 3U.U3 0.5191 i,015530 
C7-12 
I; 	 C O 11P d  [IT 	k E S U L TS 
STLS rLflUCTIQN EACTUR 
;ALLS 1 S11GLE: C!J/TUTL 
:Cc. AT UF EJD L.UU/-L z[Ru 
PHY 
fl.i139 j.UO9O0 
0.600 t.Uu f) 	13 0.737O0 
7.) 0.1o31 ).b33000 
0.430 O..)U J•57,033 
3.543000 
lu.U0 I1.1"7 0.51+285 
0.3403 11.31. fl.2LL Li. 	f 357QQ 
0.3437 12.u3 0.79h 3.460000 
71 j1.321 
14.00 0,6741)  3.338203 
.3407 lb.6J 1.L+432 3.46024 
0.3+33 1,03 0.514" 1.313350 
34 U 17, U U 0, h:4 1.277569 
0.6403 1.U3 0.514 0.27b5 
O • 	'47 3 111• L13 0 • 5143 3 • 2220 
(5,34JJ 20.30 11,5143 J.2U054" 
3 • 	4O0 ii 3 • t 14 I • 141299 
22.33 i1,51. J.15733 
I.51$ i.151L+0 
0.3403 1.5148 
C.3+3I.' 20,U 3,blc 3.123343 
0.3407 2.UO ),51-8 1.i1365 
7• 6407 27 • 5143 3 •  
1.3148 J,1J231A 
00 U 3 3 • 31d 3 • 05383 
3:1,33 
0.340, 
 1.3148 J.05i9131 
D2. 	L; 3.51+6 0.783473 
3f8337 
7.373862 
3. 0&19 5 92 
3o .U3 7,t14h 
34Jfl 37,U 7.5143 fl.u53596 
0.3400 35.00 3.51-48 J.fl5552 
.5143 J.3327+0 
4J,LA) 0 • j43 0.130136 
4200 3,518 
44.30 7.5145 0.041435 
3.3401 46.u0 7.51s 0.037910 
I .3-0U 4c.Hi 
 
0 	4 6,  1) .03'4817 




75u 5 , 7.5?45 
3 	3 •  1.1 	1 1 • 5 1. 	•- ,1 • P 12534 
C7-13 
El J!ft 	L )P:)TEr) 	1LSUL IS 
STNLSS LflLJCT ION F;\CTOF 
.ALLS ii SINGLE 0 JPV/TUNL 
LCC • iJ ()!IF Lin E1I/L ZEFN) 
L/T H/ FrIY 
D.UU 0.13h J 	775U0 
0.153 




0. 	E1& 11, u'j 11 • 2757 1) 
L.ULi J.2.)0 O.31o+ J.-2ü0OL1 
1.3U7L77 
I • 3 	p U u P • 5112 2 1 	04 
16.L D 0.5112 
IS 0 0.5112 0.217062 
14 







0.5112 0.2uLi3c cl 
0.3EIo 2b.Uu 11.5112 i.o2797 














fl L+ 	U1 0.5112 
P • 	h1i0 
 J.P5562
41. Uj . 51j j. 032402 
3 	tS  
6 	G, 0.5112 3.C7227 
D1l,U1 p5flQ) 
0.5112 J•(J737 
0.511 7-171 42b 
0.5112 0.Ci44L4F 
70.L0 0.i12 
7•i 0.5112 3,011152 
i.0'J9aj2 
C7-14 
rI:JiL 	CUkPTEfl 	ILSULTS 
THLS PLrjCTIuL F/\CTOP 
fLL 	lii  SlJGLE C' P v!\TUr 
cc • T OrIF. LiTj [JJTL ZERO 
L  1/f V 
.00 fl.l5j5 3.tJ5fl3fl 
7.03 1-).2174 3.472533 
3 • CO 3 3 .42331 
f:.L,.31 rL4.u5000 
0.3303 10.03 ..27E4 0 • 3 - 57j' 
i1,3 0.155 3.3/1250 
].3b0000 
0.3o30 1,1,3 .2434 0.2-12i 
0.35u 14,00 fl5&1 0.240150 
j.bOol 1.0 
10,03 fl.53&1 1.13865 
0.3Jr 17 	j fl.bU31 9.1E2870 
0.Uc1 
0.11773 
o • 	c 03 1 • 00 0 • 5Oc :1 • I 06733 
0.3633 2.00 0.5051 0,3'7251 
3.3003 3.5381 
3 • UI) 0, 0 • 0e1715 




1I.flU 3.50c'l 0.rb229 
3.300)3 1.Uo fl.5P1 0.3960 
C. 	6 U 62. 0 u 0,Ub1 0,05'6 
0.3o00 3 • j( fl.DOol 0,043223 
0 	'D 64. U 0 0,5001 0.040717 
fl.50h1 3,0L424 
0.3003 36.00 3,D0c1 3.3319 
67 0.5Ci 3.0343B2 






0) • 3303 44 • 03 0 • b I • 324313 
0.[Ifl 4 - ,0o 0.5081 0.020-29 
3.6 tD3.0u 0.50P1 3.018326 
0 fl,501 bts 
C, • 	33 t0 .00 0. 5J01 3 • 0) 13375 
0.3:J3 bb.JU 3.0b1 3'.C11141 
3 • 	3 70 • 33 u30 
15,00 0. 	081 0 • 
3 0 3 3 u • U 0 P • 500 .1. I • 3 U  7355 
rILLL 	LUr:iLTFr) 	fESULTS 
STF<LSS KEDOLTIO[i FiLT0-
,./LLS .Li SINGLE CURVATURE 
ECc.. 
 
AT 	JE EUD EQUAL ZEJU 
Lu I h/ I fIrly 
3 cl 	1 0 • 1U2 1. 5o2530 
0.4C011 t.J3 0.2191 (1.LfSUI)0O 
7uJ O.2rU9 J33750 
3.11o 








17.L'0 .5055 J.2J-5497 
3.5355 .1U3020 
Lii '.bflSS 3 • fl~462 
0.4033 2UJ.U3 1.5055 
0.5355 i.3f5688 
UJ, 1.5355 3,C53O9 
0.5055 D.05340C 
C.L+jCc ~.Lw 1.5355 
1.4003 27.0 C•.s05 
C . 	0CC 3 3 • 5355 3. 02575 
0.4003 r • 535 3.(9E3 




4 .03 3.5355 UQR74 
C. 3 2 
:).U.o3 3 .511 55 
.D355 
:.roo: .c55 0.3i15 
3f1c3L5 
LfflLl 4 fl • 555 L)2 Go62 
£.fC.UU (.s355 (1.Ci 122 
C.3-72-tl 
3.C55 0.ui5774 
C .002 . LI n • so5 • 
o • • 0 • 	u55 ) • 	i33s1 
C.3b5 3.31111 34 
.30 .5C5 
3 .bOsS 
3.- r0.3r- 3355 
C7-16 
F I  AL 	LUPHTErj 	k LSt-7 1-TS 
ST-LS, KLDUCTIOI F/CTui. 
,,ALLS iii SINGLE CUPV/\TUk 
LCC • f\ F I Jr L1 	ET(HJ1-,L Lr:O 
L/T H/i V 
14 -677 000 
0.2733 
Lb21 J.177 ID 42 
D.420,i i.Lu 0• 43 J.27143 
11.UJ 0,t72 3 	177323 
j.1S1U6R 
P.515 2.111252 
D 	4c 1S.LC 0,5035 0.3939 
Lt.UL .5O65 0.0G5200 
n.3cN5 
C.42On 11.UL 1;,5P65 0.07319 
0.4200 1.F 2,5065 J.(n0419 
1.5335 G.04528 
3.4203 21.uO 3.5335 3.0'9459 
u.4u2 2,uu rfl5 u.05065 
2.4200 3.Lp .5U35 J.O1231 
['.4200 O.535 2.2 
C.'201 [.5335 
0.4232' 7 bfl. 'L5 3.09923 
2.5035 3.05935 
2.5335 
L4 C 2.5035 6.O2h97 
3.4202 32,U,j 0,50.55 0.01300 
fl.5Th5 0.020029 
0.f233 -f,u ,l.5u35 
0.4203 35.0w 0.5035 6.017305 
3b .VU P.5t5 0.C1830 







0.421)ü 46.00 1.5035 J.0u94h7 
00.IJJ 35fl35 ,flL0725 
0.42 0.5065 0.07210 
L! 	L; f,5[35 
0.5235 2.605162 
"16 t) 
75.uO 1,5335 ).2u3575 
1.UU34U0 
C7-17 
FI!JL. 	L(kFiJTEi 	fLSLLTS 
STLSS LflCTIFi FiLT(R 
.iLLS i1i SI 	C1JRV,\TUR 
Ecc. T JrJr ETJn LCJI,L ZERO 
L/ -1 HY 
),Lf4fl) 0.31t'9 





p • 1, uu (1, 	019 1 U510 
C 	• P • 5019 crY77 
13.L0 0.5C19 0.[74111 
0.4402 
 
14. if tj .5019 2.03902 
2.4400 15.ft 0.5019 0.0)5t65 
0.4 4 .22 r,ui; J.25 
0.5019 :1 .2 4 3338 
0.5019 
L.40U :L.01 fl.hL1E 
'L.Uj 0,501'i 3.01312 
0. 05C- 78 
-4U [1 i ,5jjC 
iJ C,
• 
0.5219 1 744 
C. 	'2240 
4 L4 U C; U U 11 • 5019 3 • 21 92a 
7,vj 0.5019 0.017161 
0.C19 J.011 5975 
14 	nc U 0 1) • 5(19 0, 	1 '+693 
C.40P 3U.U0 0.5019 1.013918 
4 4 fl.019 T.C3033 
0.5019 
0 	4 	0 3 	00 0.5019 0, 011501 
D.4400 D+.UCJ 0.5312 L),31033 
fl.L423 5.2C C1.)319 0.21022'+ 
n.5'19 0.0U9149 
ii.5C19 
C.L44JC 0,5025 O.2u6235 
2,5319 
1,5319 007100 
4'4.J0 0.5019 0.CU649 
2.5310 0,225519 
0.5019 
4 1) 5u.U0 2.5019 1.0u5310 
0.5U19 51i4140 
6 	Li 0.5019 
70.00 fl.5u19  
2, 	PT 7: • u C P • so 0. - 227 
0.021957 
cr1_I 8 
El ;jAL 	CU! pitTEr 	[LSULTS 
STHLSS rE JCTTO ECTCJF 
L/LLS Ui SINGLE CUv'[\TUNE 
LCC* MI ONE LIJD LUUAL ZL[U 
L/T PHY 11 
754 .r c971 
O,LtbOO r.L'O Q.(i F 5O J.FD7U23  
.1L591 
• 4&L10 lU 0 • 5L'Li U • 	775 
0.b0U .r70143 
3.o0C £U•UO 0.D300 
fl.5CLB 
0.500 
O.L&On l4.jO 0.501& 
J.L5252 
17.00 fl,b003 (J.C19660 
ib.LJ O.5OUE 
0.DCUb (i5739 





4 ;j fl,5UU( 3.CU9c91 














0.ULJ 0.U5 U.flu3551 
C.460j '-4-2,Q o.5C0 J.i322j 
0. C 	935 
46.L3 O.50C 3.O2685 
0,5008 U.0021466 
0,5005 i.02273 
D5,UJ O,SCUs J.L175 




ri jiL 	C )lPuT[[ 	FLSULTS 
STLS PLL1)CTIOH r/LTUR 
jLS .IH sIrGLE CiJPi.TURL: 
ECC • /1 L 	LIJD ECIi/L 2LTIJ 
L/T ri/U PHY V 
r 	14 d 0 1 5.1)0 0,51)02 j,fl731 
b.J0 0.531)2 0.040265 
2.0,i 7.01) 3.5002 3.029562 
0.5032 
3.4 iu.U. 0,5102 3, 3 1L4495 
r.L1HOO u.n0 0.5002 fl.0 	1198 
i2.uO 0.51)1)2 :3.310066  
0.501)2 J • rj)5577 
O.2 .3. 	L73'-4 6 









25,1)0 O.50u2 J.0U2319 
2b.uO 0.o3.2 
0,5602 0.r.J.93 
F 2P, • Ll (01)2 0 • 0 	iO4' 
2.u3 fl.hU'J2 0.C1724 
Ll.JiJ 0,50(02 J.IL.:1511 
c.coor 3.5002 3,001509 




c.UQ 0.01i2 3.3U111.3 
0 	43 0 37,13 0 • SC; 02 3 • 11)1359 
0,33 .5h.uU 3.5 31)2 3.01)1304 
0.5032 3,31)0953 
0.Le00 o,3.) 3.5002 3,033905 





55,03 0.5032 J.030479 
cDJ • 1)0 0.5032 1)1)0403 




r- iu 	:upi T[ 	ks'L -rs 
STk E'S , f'LP1jCT_T P,_)H F/CTCH 
ALLS ii SIr•I;LE CLF 1 /\TuRE 
:cc. AF Our LiJD EIL ZEHU 
L/T H/I puy 
051J'J) .30O0I 
C) • Lj 0 • . 
: f • c D.530J 3.CLCU1 
0 1 0010 J,Ou000J. 
fj O.5uUt J.JOfl0O 
J • JLU1'JUO 
O.hO(O 3.CuDaUO 
.Uu 1 ,50Uj j0uOflQQ 
0.5033 0.003000 
ltD.U c. 0.D3ui 
17,. 3.5c3 











Lrc' 3.5301 D.OL3303 
0.5003 0,300003 
Ll  300000 
3.5:00 
I 0.3Cj 0.000J 
3'33C0 
0,0U3J J • OU0000 
3.5300 3,003000 
37.32 0.5000 0.300000 
3. 332 03 
I •L'-, 	5 3 • 303 0 • 










fl,55u) 3. 3u3300 
i - YTES U 	 uo coL: = 
CT CT L 6/ 
C8-1 
L.R.ç,L. FORTFArJ COMi-'ILLR RELEASE 6 VERSION 5 
C 	STPESS PLUUCTIOIJ FACTORS 
C WALLS IN SINGLE CURVATURE 
C 	EUAL ELL. AT ROTH ENDS 




REAL SLENL1 (50) 
001 FO'.AT(7F10.4) 
002 FOAT(1)F7.2) 
003 	FOrM Al' ('1'// T21 1 FINAL 	COiPUTED 	FLSULTS') 
U04 FORr1AT( 	22X,'WALLS IN SINGLiE CURVATURE')  
005 FONMAT( /13X '[IT' tl2Xi 'H/T' ,1tJ)c ,  'PRY' il3X, 'v'/) 
006 FOrMAT( 	12X,F6.4,8X,F6,298x9F6.4 .ex,r8.6) 
007 FOPJAT( 23X 1 STR[SS REDUCTION FACTOR') 
008 FOp.rAT( 	24X,'rQUAL END LCCENTRICITY') 
023 READ(51) (L(I)eI1,26) 
024 READ(392) (SLLN[D(J) ,J1i50) 
025 DO 237 I192 
U26 DO 237 J150 








045 GOTO 47 
046 flP0ST(B1) 
047 XR1)OT(BPOST**2)_(4.0*(A1)*(C1) 
048 IF (XROOT ) 200,49,49 





064 GOTU 6 8 
065 ?Hy2PHY2 
Uc6 PHyctIN=(PHY1PHy2) 
1)67 IF(PHYIIN)b8,66, 70 
068 PHY1PHY1 
069 (010 30 
J. 
	 070 PHY1PHY2 
UdO CHECK1 (PHY1—PHYB) 
U31 IF (CHECK1) c2, 4 ,84 
082 PHy'HY1 
U63 GOTO 87 
U64 PHYPHYB 










61 C 08-2 
c 
63 C 
64 087  
65 083 VflAX1,0 
66 089 TF(V1-VMAX)90,110,110 
87 090 VV1 
68 100 GOTO 236 
69 110 V=VMAX 
70 111 60T0 236 
71 112 Z3(9.HY)/(4,rJ*E(I)+PHY) 
72 113 V5=(Z3)/(LI\L) 
73 114 ViAX1.0 
74 115 IF(v5-vr1/X)11b,11b,118 
75 116 VV5 
76 117 GOTO 236 
77 11 V=VrtAX 
78 119 GOTO 236 
79 120 216.655 
130 h266.62*E(I)-33.31 
61 131 C2=.0)/(b.0)*RE/LK 
82 132 IF(E2)13315'135 
83 133 i- PQ.ST-(b,2) 
84 134 6010 136 
b5 135 9PoST(B2) 
86 136 XRoc,T(BPVST**2)_(4.0*(/\2)*(C2)) 
87 137 IFXfrJOT)2U0,168,138 
86 138 PHy1(-(h2)+(FP0ST**24.0*(f2)*(C?))**0.5)/(2.*A2) 
89 139 1F(PHY1)175JU,140 
90 1140 PHy2=(-(82)-(8POST**2-4.cJ*(A2)*(C2) )**3.b)/(2.*A2) 
92 151 IF(P1ji'2)l515 154 
93 152 PHy20 
94 153 GOTO 157 
95 154 PHy2PHY2 
96 155 pkyr1J=(pHY1-PHy2) 
97 156 IF(FHYMIN)157,157,159 
9.  157 PHy1ptYi 
99 Itb GOTO 160 
100 159 PHyl=PHY2 
101 160 CH:CK2(PHY1-PHYB) 
102 170 IF(CHCK2)171,173,173 
103 171 PHY=PHY1 
10+ 172 6010 176 
105 173 PHy=P1YE 
106 174 GOTO 192 
107 175 PHY=PHY1 
108 176  
109 177 VMrx1.0 
110 176 IF(v2-V1AX)1Y',179,190 
111 179 VV2 
112 180 6010 236 
113 193 iVMf 
1114 191 GOTO 236 
115 192 Z4=(33.31*HY)*(1.0-2.0*E(I)_(PHY/2.0))**2 
116 193 V6(Z4)/(ILAL) 
117 194 VMAX1.0 
118 195 1F(v6-VMAX ) 196,196,198 
119 16 V=V6 
120 197 6010 236 
121 C 
122 C 




cs- 128 C 
129 C 
130 C 
131 198 VV!'AX 
132 199 6010 236 
133 21)0 pHy((2,1))/(3.0))*(1.0 2.U*L(I)) 
134 210 B<ERIi0.1666 
135 211 IF(E( I)-8FLRH)212,22U,220 
136 212 71= (9, 39*P-y ) / (4 • Q* 	(I) +f-'-jy) 
137 213 v3(z1)/(REAL) 
138 214 01AX1.0 
139 215 IF(V3-VPAX)216,216,218 
140 216 Vv3 
141 217 GOTO 236 
142 218 VVHAX 
143 219 GOTO 236 
144 220 Z233.31RHY)*(1.0_2.0E(I)_(PHY/2.0))**2 
145 230 V(Z2)/(REAL) 
146 231 VrAx1.0 
147 232 IF(V4-VMAX)2,2669235 
148 233 VV4 
149 234 6010 236 
150 235 VVAX 
151 236 IF(SLLNfl(c.J)5.0)99,221 
152 009 RITE(6,3) 
153 1)10 WRITE(697) 
154 U23RITE(,8) 
155 021 RITL(6,4) 
156 022 VPIE(6,5) 
157 221 RITE(66) 	(E(I)1SLEND(J)'PHY'V) 
158 237 COHTIHUE 
159 238 STOP 
160 239 END 
1 C END or PR0&RAJ 
2 C 
C INPUT DATA FOR ABOVE PR0Gk1 
4 C 
5 C ECCENTRICITY/WALL THICKNESS 	'L/T' 	VALUES 
6 C 00.01 .02 	.04 	.06 .1)3 	.10 
7 C .14 	.16 •166 .18 .20 .22 
8 C .26 128 	.30 	.32 .333 	.34 
9 C ,38 	 .42 .44 ,4 	 .48 
10 C SLENDERJLSS RATIO 	'H/T' 	VALUES 	: 
11 C 5.0 6,0 	7.0 	8.0 	9.0 	10.0 11.0 	12.0 	13.0 
12 C 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23,3 
13 C 25.0 26.0 	27,0 	28.0 	29.0 	30,0 31.0 	32.0 	33.0 
14 C 35.0 36,0 7.0 38.0 39,0 40,0 42.0 44,0 46.0 
15 C S(i.0 52.0 	54.1) 	56.0 	b8.0 	60.0 r5.0 	70.0 	75.0 
16 C LHD 	OF 11iPU1 DATA. 
CODE+GLA+SY:IT1kBS4ARRAYS = 4680+ 760+ 392+ 31;)= 6144 bYTEs 
*cONPILAT1Oj SUCCESSFUL 
C8-4 FIIJAL 	CO'1PUTED 	LSULTS 
STPLSS i,Er,LJCTIOfl FACTOR 
[QLJJL LUD, ECCE!JTrICI1r 
ALLS IN SINGLE CURVATURE 
L/T H/I PHY V 
0.0103 5.00 0.0025 1.000000 
0.0100 5.30 7.0041 1.000000 
0.0.00, 7U U fl •0057 1.030000 
J.013ti h.UIJ 0.3078 1.CU0000 
0.0100 0.0104 1.000000 
0.0100 10.00 0.0136 1.000000 
0.0.iOO 11.00 0.0176 1.000000 
0.0100 12.00 0,0226 1.000000 
0.3100 13,30 0.3289 1.000000 
0.0100 14.30 0.0371 1.000000 
0.3100 15.00 0.047 1,000000 
0.ulOo 16.30 0.0623 1.000000 
0.0100 17.00 0.0811 1.000000 
0.0100 18.00 0.10b7 1,000000 
0.0100 19.30 0.1+03 1.000000 
0.0100 20.00 0.1831 1.000000 
0.0100 21.00 0,2353 1.000000 
0.3100 22.00 0.2963 3.997052 
G.ulOO 23.03 0.3650 0.953140 
0.0103 24,00 0.0s 0.871751 
0.0100 25.00 0.5219 0.813978 
0.010 26,03 0.6085 0.780284 
0.0100 27.00 0.6533 0.707997 
0.0100 2.U0 0.6533 0.653329 
0.0100 29.00 0.6533 0.613710 
0.0100 30.00 0.6533 0.573478 
0.0100 0 1.UD 0.6533 0.537076 
0.0103 62,00 0.6533 0.504033 
0.3100 33.00 0.6533 0.47394e 
0.0100 64,QU 0.b533 3,4457q 
0.0103 35.30 3.6533 0,421330 
0.0100 .0C 3.c533 0.398248 
0.0100 37.00 0.6533 0.377012 
0.0100 6b.00 0.6533 0.357431 
0.0100 39,00 iO,6533 0.339336 
0.3100 40.00 0.6533 0,322581 
0.0100 42.0) 0.6533 0.292591 
0.0100 44.00 0.6533 0.265596 
0.0100 45.00 0.6533 0,243918 
0.0100 48.00 0.6533 0.224315 
0.0130 50.30 0.6533 0.206452 
0.0100 52.00 0.6533 3,190876 
0.0103 54.00 0.6533 3.17999 
0.jlOj 56.00 C.€533 3.164582 
0.3100 o.00 Q,b533 0,153427 
0.0100 oO.00 0,6533 0.143369 
0.0100 55.00 0.6533 3.122161 
0.iliOO 70.00 0.0533 J.135333 
0.0100 75.00 0.6533 3.091756 
0.0100 bu.U0 0,6533 0,03645 
F  J AL 	CLflPUTEr) 	RLSULTS 	
08-5 
STFF_SS :EflucTIo( FACTOR 
EQUAL LNfl ECCENTRICITY 
:JALLS IN SINGLE CURVATUr[ 
L/T H/T 
0.0200 5.00 0.0052 1.000000 
0.0200 b.LJU 0.U076 1.Ou0000 
0.0203 7.00 0,0107 1.000000 
0.0200 8.00 0.0145 1.000300 
0.0200 9.00 0.0191 1.OU0000 
0.0200 10,ou 0.0248 1.003330 
2.0203 11.30 0.0317 1.000000 
0.0200 12.00 0.0401 1.000000 
0.0200 16.00 0.0505 1.000000 
0.0200 14.00 0.0633 1.000000 
0.0203 15.00 3.3792 1.000000 
0.0200 16.00 0.0969 1.000000 
0.0200 17.00 0.1233 1.000.000 
0.020C 1,uQ 0.1534 1.000000 
3.0203 19.00 0.1900 1.300000 
3.0200 20.00 0.2337 1.000000 
0.0203 21.03 0.2847 0.9Q9578 
3.0203 22.00 0.3430 0.917670 
0.0200 23.00 0.4033 0.85789 
0.0200 0.4802 3.815113 
0.0203 25,UQ 0.5580 0.7h6478 
0.0203 2.U0 0,6400 0.720223 
0.0200 27.00 0.6400 3.667861 
0.0200 28.03 0.6403 3.621009 
0.0200 29.00 0.6400 0.578919 
0.0200 30.00 0.6400 0,540968 
0.0200 .31.00 0.6400 0.506629 
0.0200 62,00 0,4Ufl 0.475460 
0.0200 33.00 0.6430 0,47081 
3.0200 34.00 3.6403 0.421169 
0.0200 35.00 0,6400 0,397445 
0.0200 56.00 0.6403 0.375672 
0.0200 .37.00 0.6400 0.35560 
0.0203 38.00 0.6403 0.357168 
0.0200 69.00 064U3 0.320099 
0.0200 40,00 016400 0.304294 
0.0203 42.00 0.6400 0.276004 
3.0200 44.00 0.6400 0.251433 
0.0200 46,00 0.6400 0.230093 
0.0200 48,U0 0.b+UO 0.211315 
0.0200 5 0.00 0.6403 '4 O.1974-8 
0.0200 52.00 0.6403 0.180056 
0.0203 54.00 0.400 0.166965 
0.0200 56.1)0 0.6400 0.155252 
0.0200 58.00 0.6400 0.144730 
0,0200 6U.00 0.6400 0.135242 
0.0200 bb,00 0.6400 0.115236 
0.0233 70.00 0.6403 0.09381 
0.0230 7.Uu 0.6400 i.06555 
0.0200 i0.uj 0.6400 
cS-6 
FLjAL 	CO1PLJTEfl 	RESULTS 
STRESS LflUCTIOH FACTO 
E@U/-L UlD LCCELiTEICITY 
i-JALLS lii SIrJc5LE CURVATURE 
FlIT F-ThY V 
0.0400 5.130 (1.0092 1.000000 
0.0400 6.00 0.0113 1.Ou0000 
7.00 0.0189 1.000000 
0.0400 6.00 0.0254 1.000000 
0.0400 9.00 0,0332 1.003000 
0.0400 10.00 9.0425 1.000000 
0.0400 11.00 0.0536 1,ouoouo 
0.0400 12.00 0.0667 1.000000 
0.0400 13.00 0.0322 1,000000 
0.13400 14.00 0.1006 1,000000 
0.0400 15.00 0,1222 1.000000 
0.0400 16.00 0,1475 1.000000 
0.0403 17.00 0.1772 0,96399 
0.0400 18.00 0,2118 0.962981 
0.0400 19.00 0.2516 0,927431 
0.0400 20.00 0,2970 0.89930 
0.0400 21,uO 0.3463 0.81o75 
0.0+03 22,UQ 0.405t., 3.611527 
0.0400 23.00 0.4668 0,7935 
0.0400 24,00 0.5379 0.732633 
0.0400 25.00 0.6125 0.694552 
0.0400 26.00 0.6133 0,642613 
0.0400 27,00 0.6133 0,59593 
0.0400 2d,00 0.6133 0.554089 
0.0400 ec1l.uo 0,6133 0,516535 
0.0400 60.00 c.b133 0.42674 
0.0400 31.00 0,b133 3.i2036 
0.0400 32,013 0,6133 0.424225 
0.0400 33.00 0.6133 3.398904 
0.0403 34.00 0.6133 0.375784 
0.0400 35.00 0.6133 3.354617 
0.0430 36.00 0.6133 0.335190 
0.0403 37.00 0,6133 0,317316 
0.0403 56.00 0.6133 3.303635 
0.0400 39.00 0.6133 0.285606 
0.0400 40.00 0.6133 0.271504 
3.0400 42.00 9,6133 0.246262 
0.U400 44.00 0.6133 0.224333 
0.8400 46,Uu 0.6133 0,205296 
0.0400 48.00 0.6133 0.1i6544 
0.3400 50.U0 3.6133 0.173762 
0.0400 52.00 0.6133 3.160653 
0.0400 54.00 0.6133 0,148973 
0.0403 6.00 0.6133 0,1.38522 
0.0403 58.00 0.6133 0.129134 
0.0403 60.00 3.6133 0.120668 
0.0403 e5.U0 0.8133 3.102513 
0.0433 70.00 0.8133 0.085654 
0.0400 75.00 0.6133 0,077225 
0.0-f01) 80.00 0.6133 0,087876 
C8-7 
FIHAL 	CUPUTEfl 	RLSULTS 
STrESS KLflL'CTIOIJ rf\CTOR 
FUUAL tjfl ECCENTRICITY 
ALLS IN SIIGLE CURVATURE 
L/T HIT PHY V 
0.0600 s.U0 0.0125 1.000000 
0.0600 6.00 0,0184 1.000000 
0.OE•00 7.00 fl.0255 1.000000 
0.0603 8.00 0.0340 1.0u3000 
0.0600 9.00 0.0442 1.000000 
3.0600 lu.00 0.0562 1.000000 
0.0600 11.00 0.0701 1.300000 
0.0600 12.00 0.3864 1.000000 
3.0600 1.U0 0.1053 0.98198 
0.0600 14.00 0,1271 0.967370 
0.C600 15.00 3.1521 3.944461 
0.3,00 16,00 0.18Uq 3,919505 
0.0630 17.00 0.2137 3.892601 
0.0600 18,00 0.2508 0,e63927 
0.033 19.00 0.2927 0.653740 
0.0600 20,00 0.6396 0.3U2365 
9.ObUO 21.00 0.6917 0.770173 
0.0600 22.00 3.4+92 3.767563 
0.0600 23,00 0.5119 0,704925 
o.000 24.03 0.5801 3.612621 
25.00 3,5367 0.621938 
0.300 26,00 0.5867 0.575017 
0.0600 27,00 0.5867 3,563212 
0.0600 28,00 0.5867 3,495805 
0.0600 29.00 0.5667 0,4b2201 
0.0600 .0.00 0,5867 0.431902 
0.0600 61.00 0.5867 0,404486 
0.0600 32.03 0.5867 0,379601 
3.0600 63.00 0.5667 0.356943 
0.0600 34.00 0.5367 0,356256 
0.0600 65,00 0.5867 0,317315 
0.0600 36,00 0.5867 0.299932 
0.0603 37.00 0.5867 0,283938 
0.0600 3o.OU 3.5867 0,269191 
0.0630 69,00 0,5867 0.255563 
0.0601 40,00 0.5667 0,242945 
0.0603 42,00 0.5867 0.220358 
0.0603 44.00 3,5867 0,200781 
0.0600 46.00 0.5867 0,183701 
0.0603 43,00 0.667 3.13711 
0.0600 50.00 0.5867 0,155484 
0.0603 52.00 0,5367 0.143754 
0.0603 54.00 0,5667 3.153303 
0.3603 56,00 0.5867 3.123951 
0.0603 58.00 0.567 3.115553 
0.0600 6U,U0 0.5367 0.1U775 
0.0600 05,00 0.5367 0.092003 
0.36.00 70.00 0.5867 0.079329 
0.0603 75,00 0,5867 0,0b9104 
0.0600 80.00 0.5367 0.060736 
FIHAL 	CJMPUTEfl 	RLSLJLTS 
STPSS i~EDUCTIOfj FACTOR 
EUULL LiJfl ECcEHTFICITY 
JALLS IN SINGLE CURVATURE 
L/T H/I PHY V 
0.0000 5.00 3.0153 0,994065 
0.0900 6.00 0.0223 0,99111A 
0.0300 7.00 0.0309 0.9.32789 
0.0300 3.00 0.0+10 0.973032 
0.u81h0 9,1)0 0,0531 ).961790 
0.0400 10.00 0,0671 0.9149010 
0.3303 11,Uu 0.0833 9.94)4641 
0.0800 12.00 0.1019 0,913645 
0.0903 16.00 3.1232 0.9u3999 
0.0800 114.00 0.11475 0.881705 
0.11800 15.00 0.1751 3,9b0794 
0.0300 16.00 0.2062 0,638341 
0.0B03 17.00 0,2411 0.81141459 
0.0800 18.00 0.2803 3,769309 
0.9803 19.00 0,3238 3.763094 
0.0800 20,00 0.3719 0.735051 
0.0800 21.30 3.142149 0.7031445 
0.0800 22,03 0.14827 0.605148 
0.0803 23.00 0.5+56 0.652630 
0.003 24.30 0.5600 0.605130 
0.0300 25.00 0.5600 0.557688 
0.0800 26.00 0.5600 0.515614 
0.0900 27.00 0.500 0.478128 
0.3800 28.00 0.5600 0.444586 
0.0400 29.00 0.5600 0.4141453 
0.0400 30.00 0.5600 0.3672514 
0.0800 1.00 0.600 0.362701 
0,0800 32.00 3,5600 0,340386 
0.0900 33.00 0.5600 0,320069 
0.0403 14.UC 0.5600 0,301513 
0.0830 3,00 0.5603 0.284535 
0.0800 36.00 0.5600 0,268947 
0.0803 37.00 0.5603 0,254606 
3.0800 38.00 0,5603 0,21382 
0.0800 69.00 8.5600 U,29162 
0.0300 40.00 0,5600 3.2178147 
0.0800 +2.00 0.5603 0,1975914 
0.0300 1414•00 0.5600 3.180039 
0.0803 46.00 0.5600 3.14724 
0.0608 148.00 0.5600 0,151283 
0.0800 50,00 0.5600 0,139422 
0.0300 52.00 0.5600 9,12e9014 
0.0300 54.00 0.5600 3.119532 
0.0300 ob.00 0.5600 3.1111146 
0.0833 58.00 3,5600 0.103613 
0.00O 60.00 0.5600 0,196821 
0.0803 h5,00 0.5603 
0.0800 70.00 0.5603 0.071134 
0,0800' 75.00 0.5600 0,061965 
0.000 80.00 0.5603 0,0514462 
FIliAL 	CUHPUT[o 	RESULTS 
STRESS REDUCTION FACTOR 
[JUAL LND LCCENTRIcI rv 
.ALLS 	IN 	SINGLE CURVATURE 
E/T H/T PHY V 
0.1000 5.03 0.0176 3.922301 




6.üü 0.0469 3.893022 
9.90 0,0604 3.567252 
2.1000 10.00 0.0761 0,875101 
0.1300 11.00 0.0940 0,E.61554 
0.1000 12.00 1 ,1145 0.846E07 
0.1000 13.00 0.1378 3.R0270 
0.1300 14.00 0,1640 0.812573 
0.1000 15.00 0.1935 0.793571 
0.1000 16,00 0.2264 0,713345 
0.1000 17.00 0.2631 0.752006 
0.1000 13.U0 0.3038 3.729692 
0.1000 19.00 0.3486 0.7U6563 
0.1000 20.00 0.3979 0.62819 
0.1000 21.00 0.516 0.658642 
0.1000 22,00 0.5100 U,E4243 
0.1000 23,00 0.5333 0.591660 
0.1003 24,00 0.5333 0.5t3382 
0.1003 25.00 0.5333 0.500731 
0.1000 26.00 0,5333 0.463000 
0.1303 27.00 0,333 0.429339 
0.000 28,00 0.5333 0,399220 
0.1000 29.00 0.5333 0.372162 
0.1000 30,00 0.5333 0,347765 
0.1000 31.00 0.5333 3.325690 
0.1000 32.00 0.5333 0,305653 
0.1U60 33.00 0.5333 0,2c7409 
0.1000 '4. 1J0 .5333 0.270751 
0.1000 35.00 0.5333 0.255501 
0.1000 36.00 0.5333 0.241503 
0.1000 57,Uc; 0.5333 0.228626 
0.1300 3d.U0 0.5333 0 .216751 
0.1000 39.00 0.5333 0,205778 
0.1000 40.00 0.5333 0.195618 
2.1000 42.03 0.5333 0.177431 
0.1000 44,00 0.5333 
3.1030 46.00 0.5333 0,147915 
0.1000 48.00 0.5333 0.15846 
0.1000 50.00 0.5333 0.125195 
0.1000 52.00 0.5333 0.115750 
0.1000 54.00 0.5333 0.107335 
0.1000 n6loo 0.5333 0.099805 
0.10uU b,U0 0.5333 0.093041 
3.1300 60.00 0,5333 0,06941 
0.1000 65.00 0.5333 0.074080 
0.1300 70.00 0.5333 O,Qb3875 
0.1000 75,00 0,5333 0.055642 
0.1000 60,UO 0.5333 0,043904 
1118-10 
FI!JAL 	CU4PUTED 	RESULTS 
STRESS t<EDLJCTIOH FACTOR 
EQUI\L h-Nfl LCCEr•TRICITY 
ALLS IN SINGLE. CURVITUR 
L/T PHY V 
0.1200 5.00 0.019 0.R7'473 
0.1200 6.00 0,028L+ 0.80989 
0.1200 7,0 0.0392 0,843289 
0.1200 8.00 0.0519 0,834365 
0.1200 9.00 0.0666 3.224234 
0.1200 10.00 0.0836 0.812605 
0.1200 11,00 0,1031 0.800171 
0.1200 12,03 0.1251 0.76317 
0.1200 13.00 0.1499 0.771269 
0.1200 14.00 0.1777 0.755072 
3.1200 15,00 0,2067 3.77767 
0.1200 16.00 0.2432 3.719495 
0.1200 17,00 0,2613 0,700297 
0.1200 18,00 0.3232 0,680312 
0.1200 1,UU 0,3692 0.659676 
0.1200 20.00 0.4194 0.6.8539 
0.1230 21.00 0.4739 0.617057 
0.1203 22,00 0.5067 0.581129 
0.1200 23,00 0,5067 0,531695 
3.1200 24,UO 0.5067 0.488310 
0.1200 25.00 0.5067 0,450027 
0.1200 24,00 0.5067 3,416075 
0.1230 27.00 0.5067 0.35825 
0.1200 2i.00 0.5067 0.358758 
0.1203 29,00 0.5067 0.334443 
0.1200 30,00 0.5067 0.312519 
0.1200 31.UO 0.5047 0.292681 
0.1200 32.00 0.5067 0.274674 
0.1200 33.00 0.5067 0.258280 
0.1200 34.00 0.5067 0.243310 
0.1200 35.u0 0.5067 0.229605 
0.1200 34.00 0.5067 0.217027 
0.1200 37.00 0.5067 0.2U545 
0.1203 D8.UiJ 0.5067 0.194733 
0.1203 39.00 0.5067 0.184922 
0.1200 40.00 0.5067 0.175792- 
0-1200 42.00 
5792
. 0.5067 0.159448 
0.1200 44.00 0.5067 0.145282 
3.1200 46.00 3.5067 0,132924 
0.1200 4.00 0.5067 3.122077 
0.1200 50.00 0.5067 3.112507 
0.1200 52.03 0,5067 0.104019 
0.1200 54,00 0.5067 0.096456 
3.1203 56.00 O,50b7 0.089690 
0.1203 58.00 0,5067 :3,083611 
0.1200 0.00 0,5067 3,073130 
0.1200 ôS.U3 i.067 3.Gc6572 
0.1200 70.00 0.5067 3.057401 
0.1200 75,00 3.5067 3.050003 
0.1203 0.U0 3.5067 3,4394&, 
C8-11 
FIliAL 	CUIIPUTED 	RESULTS 
STRESS 14EDUCTIOIJ FACTOR 
EQUAL END LCCENTPICITY 
ALLS IN SINGLE CURVATURE 
L/T H/ I PHY V 
0.1403 5.00 0.0213 0,301330 
3.1403 6.00 0.0309 0.735198 
0.1400 7.00 0.0425 0,787939 
0.1+00 3.00 0.0561 0.779553 
0.1400 9.00 0.0720 3,770342 
0.1400 10.00 0.0901 3.79413 
0.1400 11.00 0,1108 0.747684 
0.1400 12.00 0.1341 0,74H79 
0.1400 13.00 0.1802 0.721034 
0.1400 14.00 0,1894 0.7tJ6197 
0,1433 15.00 0.2217 0.693430 
0.1400 16.00 0.2574 0.673810 
0.1400 17.00 0.2967 0.656428 
0.1433 lb.LiO 0.3398 0.638387 
3.1430 19.00 0.3867 0.619803 
0.1400 20,00 0,4378 0,600799 
0.1400 21.00 0.400 0.573239 
0.1400 22,00 0.4800 3.522311 
0.1400 23.03 0.4800 0.477880 
0.1400 24.00 0,4800 0.458886 
3.1403 25.00 0.4303 0.4u4477 
0.1403 26.00 0.4300 0.373962 
0.100 27,00 0.4800 0,346774 
0.1400 23.00 0.4800 0.322447 
0.1403 29.00 0.4800 0.300593 
0.1403 60.uo 0.4800 0.20867 
0.1403 31.00 0.4800 0.2h3058 
0,1400 32.00 0.4803 0.246874 
0.1400 33.00 0.4800 0.2O2136 
3.1400 34.00 0.4800 3.218664 
0.1400 35.00 0,4800 0.206366 
0.1403 36.00 0.4800 0.15061 
0.1400 37.00 0.4800 0.184659 
0.1400 38.00 0.4800 0.1/5068 
0.1400 69,00 0.4300 3,168205 
0.100 40.00 0.4800 0.17999 
0.1400 42.00 0.4803 0,143310 
0.1400 44.03 0.4600 0.160576 
0.1400 46,00 0.800 0.119470 
0.1403 48.00 0.4800 0.109722 
0.1400 50.03 0,4600 0.101119 
0.1400 52.00 0.4800 0.09391 
0.1400 54.00 0.4800 O086694 
0.1400 56,00 0.4800 0.080612 
0,1400 D8.L'O 0.4800 0,0/5148 
0.1400 60.00 0.4800 0,070222 
0.1+3C 65.00 0.4800 0.059634 
0.1400 70.00 0.4600 0.0D1592 
0.1400 75.00 0.4800 0.044942 
;.1430 80.00 0,4800 0.039500 
08-12 
FIIJAL 	LUilPVTEfl 	PLSULTS 
STRESS hEr)LjCTlOfj FACTO 
EC1J/\L 	ECCEiTIRICITy 
ALLS lii SINGLE CURVATURE 
L/I H/I PHY V 
0.1600 D.00 0.022 0,7D2208 
3.1600 6,00 0.0330 0.746445 
0.lbOO 7.00 0.0453 3.7.9637 
0.1600 8,00 0.0598 u.71793 
0.1600 9.00 0.0766 0.722921 
0.1hO3 10.00 n.ug5p J,713038 
0.100 11.00 0,1175 3.702165 
0.1603 12.00 0.1419 0,6'033t+ 
0e1603 13.00 0.1692 0,677582 
0.1600 14.00 0.1994 0.663961 
0.1603 15.00 0.2329 0,69530 
0.1600 16,00 0,2697 0.664361 
0.1600 17.00 0,3101 0,616534 
0.1600 1.00 0,3541 3.602141 
0.1600 19.00 0.4019 0.565280 
0.1600 20.00 0.4533 0,5b7769 
3.1600 21.00 0.4533 0,514983 
0.1600 22.00 0.4533 0.69230 
0.1000 23,00 0.4533 0.429315 
0.1600 24,00 0,4533 3,394284 
0.lbUO 25.03 0.4533 0,363372 
0.1600 2b.00 0,4533 0.335958 
0.100 27,03 fl.533 0.311533 
0.1800 23.00 0.4533 0,2b9676 
0.1600 29,00 0.4533 '3.270045 
3.1600 0,0O 0.4533 0.252342 
0.1600 31.00 0.4533 0,236324 
0.1600 32,00 0.4533 0.221785 
0.1600 ..00 0.14533 0.2u8547 
0.1600 4.00 0.4533 0.1'6460 
0.1600 5.00 0.14533 3.15394 
3.1600 36.00 0.4533 0.175237 
0,1600 37.00 0.4533 0.15693 
0.160C 30.00 0.4533 0.157277 
13.1011) t,9.UO 0.4533 0,19315 
0,1600 40.90 0.4533 0.141942 
0.1600 42.00 0.4533 0.126746 
0.1603 44.00 0.4533 0,117308 
0.1600 46,00 0.4533 0.107329 
0.1600 48,00 0.4533 0.00571 
0.1600 50.00 0,4533 0.090343 
0.1600 52,00 0.4533 J.03939 
0,lr.UU 54.00 0.4533 0.077883 
0.1600 56.00 0.4533 3.072419 
0.1603 58.00 0.4533 
0.1600 60,00 0.4533 0.063085 
0.1800 6b.UG 0.4533 0.053753 
0.1600 70.00 0.4533 3.Q'6348 
0.1600 75,00 0.4533 0,040375 
C.G00 80.00 0.4533 0.065466 
08-_I 3 
rIriAL 	CUiP1.iTEfl 	RLSULTS 
STRESS HEDUCTIOI,, FACTOR 
EQUAL LIJfl LCcErITRIcITY 
ALLS IN SINGLE CUPVATURL 
L/T H/ r PHY V 
0.1666 5.00 0.0232 0.7.7089 
0.1666 b.UO 0.0337 3.71190 
0.1666 7.00 0.0463 0.74091 
0.16t6 8.00 0.0612 0,715715 
0.1666 9•u0 3.0785 
11J • u0 0.0965 u.64719 
0.1666 11.00 0.1215 0.661809 
2.1666 12.00 0.1473 0.667014 
0.1666 16,00 0.1780 3.650032 
0.1666 14.00 0.2128 0.60426 
O-16G6 15.00 0,2535 0.607532 
16.00 0.3020 0.560255 
2.1665 17.00 0.3620 0.546913 
0.1666 16.00 0.4425 o.5!j1221 
0.1666 19.00 0.4445 0,49856 
0.1666 20,00 0.4445 3405995 
0.1665 21.00 0•4445 0.368249 
0.1656 22.00 0,4445 0.355533 
0.1665 23,00 0,4445 0.306991 
fl.1 fl- 6E, 24.00 0.44-,5 0.281941 
0.1666 25.Uu 0.44'5 0.259837 
0.1656 26.00 0.41+45 0.21+0234 
0.1666 27,uU 0.41+15 0.222768 
0.1666 28•UQ C, LL 45 0.207140 
0,1666 29.00 0.4445 0.13101 
2.1666 50.00 0.41+45 0.1r0442 
0.1666 61,0U 0.4445, 0.1b6989 
0.1666 32,00 0.4445 0.156592 
0.1665 33.00 0.4445 0.149126 
0.1566 34.00 0.4445 0.140483 
0.1b66 65.00 0,4445 0.152570 
0.1666 56.00 0,4"5 3.125307 
0.1666 67.00 2.4++5 o.11s25 
0.1666 38.00 0.441+5 0.112464 
0.16E 59.00 0.4445 0,1u771 
0.1665 40.00 0.4445 3.101499 
0.1666 42.00 0.4445 0.02062 
0.1666 44,00 0,1+445 3.063883 
3.1666 46.00 0.4445 3.076748 
0.1665 46,00 0.1+445 0.070485 
0.1666 50.00 0.41+45 0.064959 
0.1665 52.00 0.4445 0.060055 
0.1666 54,uO 0.4445 0.05692 
0.1666 58.00 0,4445 3.G1765 
3.1666 58,Ufl 3,4445 0.01+8275 
0.1666 60.00 0,4445 0.045111 
0.1666 65.00 0.4445 0.0s3437 
70.u0 1:.L4445 0.053142 
0.1666 75.00 0.4445 3.028871 
0.166 60.00 0.4445 0.025375 
C8-14 
FINAL 	COMPUTED 	RLSLJLTS 
STLSS KEDUCTION FACTOR 
EUUAL LjD LCCLT.JTR ICITY 
iALLS JJJ SINGLE CURVATURE 
L/T HIT PFIY V 
0.1800 5.00 0.0242 0.7U6371 
0.1000 6.00 0.0352 0,700201 
0.1J0 7.00 0.0484 0,692762 
0,1309 3.00 0.0641 0,683966 
0.1300 9.00 0.0823 0.673700 
0.1U0 10.00 0.1034 3.661313 
0.1300 11.00 0.1276 0.648105 
0.10DO 12.00 0.1559 0.632300 
0.1600 13.00 0,1884 0.614008 
0.1300 14.u0 0.2264 0.52643 
0.1600 15.00 0.2715 0.567256 
3.1303 16.00 0.369 0.536118 
0.1633 17.30 0.6994 0.45313 
0.1803 18.03 0,4267 0.4-3189 
0.I3Ur 19.00 0,42o7 0.397765 
0.1800 20.00 0.4267 0,353983 
0.1800 21.00 0.4267 3.325638 
0.1833 22.00 0.4267 0,296680 
0.100 26.00 0.4267 0.2/1443 
0.1803 24.Ui3 3.4267 3.249294 
3.1603 25.00 0.4267 3.229749 
3.1803' 26.00 0.4267 0.212416 
0.100 27.00 0.4267 0.196973 
28.00 0.4267 0.103155 
0.1309 29.00 0.4267 0.170741 
0.1E03 ,0.U0 1.4267 3.159548 
0.1830 61.00 0.4267 0.149421 
0.1530 32.00 0.4267 0.10228 
0.1530 66.00 0.4267 0.131658 
0.1809 64.00 fl .42t7 0.124216 
0.1800 35.00 0.4267 0,117219 
0.1300 36.00 0,4267 0.110797 
0.1600 37.00 0.4267 31.104589 
0.1600 38.00 0,4267 0.099441 
0.1300 39.00 fl.267 3.094407 
0.1600 40.00 0.4267 0.089746 
0.1900 42.00 0.4267 0.001402 
0.18710 44.00 0.4267 0.014170 
0.1800 4b.00 0.4267 0.0b7361 
0.183j 48.00 D.42o7 3.062323 
3.1800 30.00 0.4267 0.057437 
0,1800 52.00 0.4267 0.053104 
0.1600 54.00 0.4267 0.049243 
0.1601 56.110 0.4267 0.045789 
0.100 58.00 fl.4267 0,342685 
0.1330 b0,00 0.4267 9.059687 
0.130o 5.Uu 0.4267 3,033987 
9.1803 71).00 0.4267 0.029305 
0.1800 75.00 0.4267 3,025523 
0.1303 60.30 0.4267 0.022436 
CS-1 5 
FINAL 	CU1P1JTEfl 	RLSULTS 
STRESS REDUCTION FACTOR 
EQUAL LJD ECCENTRICITY 
.ALLS IN SINGLE CURVATURE 
L/T H/I PHY V 
0.2003 5.00 0.0259 0.660422 
0.2000 6.00 0.0377 0.63796 
0.2000 7.UU 0.0519 0.645780 
0.200u 3.00 0.U89 0.636265 
0.2000 9.00 0.08d7 0.625100 
0.2000 10,00 0,1114 0.612086 
0.2001) 11,00 0,1364 0.59643 
0.2000 12.00 0.1702 0.519272 
0.2000 13.uQ 0.2072 0.558467 
0.2003 14.00 0,1515 0,563533 
0.2000 15,03 0.3065 0,502610 
.2000 16.00 0.3799 0.461289 
0.2000 17.00 0.4000 0,409402 
0.2000 18.00 0,4000 0.355176 
0.2000 19.00 0.4000 0,327748 
0.2000 20.00 0,4000 0,295793 
0.2000 21.00 0.4000 0,253293 
0.2000 22.00 3.4000 0.244457 
0.2000 23.00 0.4000 0.223662 
0.2000 24,03 0.4003 0.205412 
0.2000 25.00 0.4000 0.189307 
0.2000 26.00 0.4000 0.175025 
0.2000 27.00 0.4030 0.162301 
0.2000 28.00 0.4000 0,13915 
0.2000 29.00 0.4000 3,143686 
0.2000 0.00 0.4000 0.11464 
0.2000 31.00 0,4000 0.123119 
0.2000 ,2,0O 0.4000 0.115544 
0.2000 33,Uo 0.'+OOO 3.106643 
0.20301  64.00 0.4000 0.1u2350 
C.2000 5.00 0.4000 0,06585 
0.2000 36.00 0.4000 0.091294 
0.2000 37.00 0.4000 0.056426 
0.2000 68,00 0,4000 0.081937 
0.2000 69•U 0.4000 0,077749 
0.2000 i4o.clo 0.4000 0.073940 
0.2030 42,30 0.4000 0.067073 
0.2000 44.00 0.4003 0.051114 
0.2000 46,00 0,4000 0.05915 
0.2003 48.00 0.40U0 0.051353 
0.2000 53,00 0.4300 0,047327 
0.2000 52.00 0,4000 3.03756 
0.2000 54.00 0.4000 0.040575 
0.2000 56.00 0.4000 3.037729 
0.2000 58.30 0.400) J.05172 
0.2000 60.UU 0.4000 3,032866 
0.2000 65.00 0.4000 0.028034 
0.2000 70.03 0,4000 0.024146 
0.2000 75.00 0.4000 0.021334 
0.2033 30.00 0.4000 3.013487 
FLJAL 	COIPIJTED 	RLSULTS 
STRLS FLUCTOIJ FACTOR 
EQUAL LNfl LCCEIJTRICITY 
.,JALLS IIJ SINGLE CURVATURE 
H/I PHY v 
0.2200 5.00 0.0279 0.614329 
0.2200 6.00 0.041)6 0.607167 
0.2200 7,1)0 0,0561 0.596471 
0.2200 8.00 0.0745 0.508092 
0.2200 9.1)0 0.093 3,50331 
0.2200 10.00 0.1219 0.561407 
0.2200 11.00 0.1522 0,544411 
0.2200 12,00 0.1831 0.524218 
0.2200 13,00 0.2315 0.499784 
0.2200 14.00 0.2860 0,469103 
0.2200 15.00 0.361)6 3.427162 
0.2200 16.1)0 0.3733 0.375766 
0.2200 17.00 0.3733 0.332859 
0.2200 18.00 0.3733 0.296902 
0.2200 19.03 0.3733 0.2b6471 
0.2200 20.U0 0.3733 0.20490 
0.2200 el.uo 0.5733 0.218132 
0.2203 22.1)0 0.3733 0,198752 
0.2200 23.1)0 0.3733 0,11845 
0.2200 24.00 0,3733 0.167007 
0.2200 25.00 0.3733 0,15314 
0.2200 26.00 0.3733 0.12302 
0.2200 27.00 0.3733 0.131956 
0.2200 2c,00 0.3733 0,12699 
0.2200 29.00 0.3733 0.114383 
0.2200 30.00 0.3733 0.106885 
0.2200 31,1)0 0.3733 0.11)0100 
0,2200 32.00 0.3733 0.093942 
0.2230 63.00 0.3733 0.0833+ 
0.2200 34.00 0.3733 3.033215 
0.2200 35,00 0,3733 0.0(3527 
0.2200 36.1)0 0.3733 0.074225 
5.2201,1 37.00 0,3733 0.013267 
0.2200 38.00 0.6733 3.066618 
0.2200 39.00 0.3733 3.063245 
0.2200 40.00 0.3733 3,060123 
0.2200 42.01) 0.6733 u,o54533 
0.2200 44,00 0.3733 0,049688 
0.2200 46.1)0 0.3733 0.045461 
0.2200 48.00 0.3733 0,041752 
0.223 50.00 0,3733 0,068478 
0.2200 5 2.UO 0.3733 3 • 365576 
0.2200 54.1)0 0.3733 3,032989 
0.2200 06.uo 0.3733 0.030675 
0.2200 58.03 0.3733 3.028596 
0.2200 8 000 0.3733 0,026721 
0.2200 6b luo 0.3733 3.022768 
0.2200 70,00 0.3733 0.019632 
0.2203 75.00 0.3733 0.017102 
0.2200 80.03 0.3733 0.015031 
C8-17 
rI:JAL 	CaM PUT ED RESULTS 
STRESS 	EDuCTI0H FACTOR 
EQUAL Lap ECCENTRICITY 
WALLS 	iN SINGLE CURVATURE 
H/i PH'' V 
0.2400 5.00 0.0301 0.5b8052 
0.2400 6.U0 0.0440 i.50256 
0.2403 7.00 0.0609 3.550733 
0.2400 8.00 0.0812 0.59301 
0.240J 9.00 0,1055 3,525661 
0.2403 10.00 0.1344 0,5U9404 
0.2400 11.00 0.1691 0.439884 
0.2430 12,00 0.2115 0.466004 
0.2400 13,00 0.2656 0,455596 
0.2400 14.00 0.3415 0.392894 
0.2400 15.00 0.3467 0.342311 
0.2400 16.00 0.3467 0.300863 
0.2400 17.00 0.3467 0.266505 
0.2400 18.00 0,3467 3.267716 
0.2400 19.00 .213352
0.2400 
0.3467 J 3352- 
, 2U.00 0.3467 0,192550 
0.2400 21.00 0.6467 0.174649 
0.2400 22.00 0.3467 0.159132 
0.2400 23.00 0,3467 0.145596 
0.2400 24,03 0,3467 0.153715 
0.2400 25,00 0.3467 0,123232 
0.2400 26.00 0.3467 0.11335 
0.2400 27.00 0.3467 0.105652 
0.2400 28,00 0.3467 0.098240 
0.2400 29.00 0.3467 0.091582 
0.2400 60.00 0.3467 0.05578 
0.2400 61.00 0,3467 0,050146 
0.2400 412,00 0.3467 0.015215 
3.2400 53.00 0,3467 0.073726 
0.2400 34,00 0.3467 0.06626 
0.2400 65.00 0.3467 0.0b2373 
0.233 58.00 0.3467 3.09429 
0.2433 0 7.U0 0.3467 0.06260 
0.2400 3,03 0.6467 0.053338 
0.2400 69,33 0.5467 O.00638 
0.2400 40.00 0.6467 0,03138 
0.2403 42.00 0.3467 0.043662 
0,2433 41+,3ij 0,3467 0,u59783 
0.2400 46.00 0.3467 3.066399 
0.2400 4.00 0.3467 3.063429 
0,2403 50.00 0.3467 0,060808 
0.2400 52.I'Q 0.6467 3.023484 
0.2400 54,00 0.6467 0.026413 
0.2t00 56.03 0,3467 3.024560 
0.2400 58,00 0.6467 0,022895 
0.2400 60.U0 0,3467 0,021394 
0.2433 65.03 0.467 3.018230 
0.2430 70.30 0.3467 3.015716 
9.2400 75.00 0.6467 0.013692 
0.2403 eo.tjo 0,3467 0,012034 
C8-.18 
FIHA L 	CUIPUTED 	F.LSULTS 
STRESS r- EflUCTT0 F,CT0i-
E)U/\L -.Jfl LCCEijTICITY 
:ALLS IN SIN6LE CURVATURE 
LIT H/T PHY V 
0.2b00 j 0 0.0323 0,521541 
0.2600 6.00 0.0480 0.512975 
0.2600 7.00 0.3066 0,502445 
0.2o)0 8.00 0,0895 0,49669 
C.2b02 9.00 0.1169 0.1414225 
0.2h00 10.00 0.1503 0,4554149 
3.26J0 11.00 0,1917 0.1+32186 
0.2600 12.00 0.21+52 3.11.02038 
0.2600 16.00 0.2U0 0,3581452 
0.2J0 14.00 0.6200 0.309073 
0.2600 15.00 0,6200 3.29237 
0.2o00 16.00 0.3200 0,2.6634 
0.2600 17.00 0.3200 0.2096114 
0.2600 18.00 0.3200 0.16970 
0.2600 19.00 0.3200 0.167807 
0.2600 20.00 0.3200 3.151446 
0.2600 21.00 0.3200 0.1736 
0.601 22.00 0,32U0 0.125162 
0.26)0 26.00 0.6200 0,111+515 
0.2600 24,U0 0.5200 0.105171 
0.2603 25.00 3.32U0 0.096925 
0.2600 26.00 0.6200 0.0t9613 
C.2o00 27.00 0,3200 3,083098 
0.2600 28.00 0.3200 0.077269 
0.2600 29.00 0.3200 0.072031 
0.2600 60.00 0,3200 3.067309 
61.00 0.3200 0.03037 
0.2b00 32.00 0.3200 0.059159 
0.2600 33.00 0.5200 0.05627 
0.200 64.UO 0.3200 0.05203 
0.2600 65.00 0.3200 0.049452 
0.2600 36,00 0.3200 0.04671+3 
0.2600 67.U0 0.3200 3.04250 
0.2600 68.U0 0.3200 0,041952 
0.2o00 .9,00 0.6200 3,069828 
0.2600 1+0,00 0,6200 0.067861 
3.2600 4200 0.3200 0.0614341 
0.2600 44,00 0.6203 0.031290 
0.2603 46.03 0.3200 0.023629 
0.200 48.00 0,3200 0.026293 
0.2600 50.00 0.3200 0,024231 
0.2303 52.00 0.3200 0,022403 
0.2600 54,00 0.3200 0.020774 
0.260J 56.00 0.3233 0.019317 
0.2600 58.00 0.3200 0.018003 
0.2600 60.U0 0,6200 0.016327 
0.2600 65.00 0.32()0 3,011+338 
0.2303 70.00 0.3200 3.012363 
0.2030 75.00 0.3200 0.010769 
0.2630 80.00 0.6200 3.009465 
C8-19 
FIJAL 	COMPUTED 	KLSULTS 
STRESS REDLICTIOri FACTOR 
EUUAL LNP ECCENTRICITY 
WALLS IN SINGLE CURVATURE 
L/T H/I F'HY V 
5.00 0.0361 3,14720 
0.2503 .U0 0.0530 J.1+b5200 
0.2803 7.00 0.07+3 0.1+53381 
3.2300 8.00 0.0993 3,438839 
3.603 9.00 0.1-516 3,420890 
0.2803 10.00 0.1719 0,398323 
0.2830 11.00 0,2247 0.368581 
0.2833 12.00 0.2933 3.321+033 
O.26U0 13.00 0.2933 3.27099 
0.2800 14.00 0.2933 0.23oU65 
0.2603 15.00 0.2933 3.207381 
0.2800 16.00 0.2933 U.12269 
0.2803 17.00 0.2933 3.1811+56 
0.2300 lo,uO 0.2933 3.11+015 
0.2800 19.00 0.2933 0.129254 
0.2300 20.03 0.2933 0.116652 
21.03 0.2953 3.105307 
0.2803 22,00 0.2933 0.0961+07 
0.2300 23.00 0.2933 0,088206 
0.2B03 24,00 0,2933 0.081003 
0.b00 25.00 0.2933 0.0(1+657 
0.2600 26.00 0.2933 J.0e9325 
0.2800 27.00 0.2933 0.084307 
0.2800 28.00 0.2933 0.059516 
0.2503 29.00 0.2933 3.0551+82 
0.2830 60.30 0.2933 
0.2800 31.00 0,2933 0.08551+ 
0.2800 32.00 0.2933 0.U5567 
0.2803 33.00 0.2933 0.02847 
0.203 34.03 0,2933 0.00364 
0.2630 35.00 0.2933 0,038093 
0.2803 36.00 0.2933 0.03301+ 
3.2803 67.00 0.2933 0.034081+ 
0.2800 38.00 0.2933 0.032314 
0.2330 39.10 0.2933 0,030673 
0.2i00 40.00 0,2933 3.029163 
0.2803 42,03 0.2933 0,026452 
0.2803 44.00 3.2933 3.024132 
0.2800 46,00 0.2933 3.022051 
0.2800 46,00 0.2933 0.020252 
0.203 50.00 0.2933 0.018664 
0.2300 52.00 0.2933 0,017256 
3.2300 54.00 0.2933 3,018002 
0.2330 56,00 0,2933 0.014879 
0.2300 58.00 0.2933 0.013871 
0.2303 60.00 0.2933 0.012961 
65.00 3.2933 3,311044 
0.2800 70.00 0.2933 0.009523 
0.2800 75.00 0.2933 3.008295 
0.2800 60,03 0,2933 3.0u7293. 
CB.-20 
FINAL 	COHPtJTED 	RESULTS 
STRESS EflUCTIOu FACTOR 
EU/\L END ECCENTRICITY 
'iALLS IN SINGLE CUR\/ATURL 
LIT H/f PHY V 
0.3000 5.00 0,0400 0,427479 
0.3000 6.U0 0.0591 3.416734 
0.3000 7,00 0.0862 3.4U3201 
0.3300 e.00 0.1135 0,386181 
0.3000 9.00 0.1522 0.3b4402 
0.3000 10.00 0.2343 0.355074 
0.3000 11.00 0.2667 0.29727 
0.3000 12.00 3.2667 3.243451 
0.3003 13.uO 0.27 0.207438 
0.3000 14,00 0.2667 0,178862 
0.3C01 15.00 0.4667 0.155609 
0.3000 16.00 0.2667 0.136941 
0.3000 17.00 0.2667 3.121304 
0.3000 1.00 3.2667 0.108200 
0.3000 19,00 0.2667 0.097111 
6.3000 20.00 0,2667 3.087642 
0.3300 21.3u 0.2667 0.079494 
0.3000 ?2.u0 0.2667 0.072432 
0.3000 26,03 0.2667 0,066270 
0.3000 24.00 0.2667 0.060863 
0.3000 25,00 0.2667 0,056091 
0.3000 2b.00 0.2667 0.051359 
0.3000 27.00 fl.2667 0.048089 
0.3003 26,00 0.2667 0.044715 
0.3000 29,00 0.2667 3,041685 
6.3000 30.00 0.2667 3.033952 
0.3000 61.00 0.2667 3.056480 
0.3000 32.00 0.2667 0.064235 
0.3000 33.00 0.2667 3.032192 
0.3000 64.00 0.2667 0.030325 
0.3000 65.00 0.2667 0.028613 
6.3000 36.00 0.2667 0.027053 
0.3000 67.00 0.2667 3.025608 
0.3000 68.00 0.27 0.324276 
0.3000 159.00 0.2667 0.023349 
0.3000 40,00 0,2667 0,021911 
0.3000 42.00 0,2667 3,019874 
0.3000 44.03 3.2667 0,01H108 
3.3000 46.00 0.2667 0.016568 
0.3000 48,03 0,2667 0.315216 
0.3000 bU.LJO 0.4b67 0.614023 
0.3000 52,00 0,2667 0.012965 
0.3000 54.00 0.2667 0.012022 
0.3000 56.00 0.2667 0.011179 
0.3000 58.00 0.2667 0.010421 
0.3300 60,00 0.2667 0.009738 
0.3000 b5.iJ3 0,2667 0.003297 
6.3000 70,00 0.2667 3.007154 
0.3000 75.03 0.2667 0.306232 
0.3000 80,00 0.2667 3.005473 
C8-21 
FIiJAL 	(UkPUTEF 	RESULTS 
STRESS IEDUCTIOIi FACTOR 
E(UAL LjjCj EccE!TRICITY 
:JALLS iN SIIJ('LE CURVATURE 
HiT PHY V 
0.3200 5.00 0.0451 0.3196'41 
0.3200 6.00 0.0671 0.367252 
0.3200 7.00 0.0955 0.351285 
0.3200 6.00 0.1326 0,330409 
0.3200 9.U0 0.1839 f),3015,6 
0.3200 10.00 0.2400 0.255565 
0.3200 11.00 0,2400 0.211211 
0.3200 12.00 0,2400 0.177476 
0.3200 13.u0 0,2400 0.151222 
0.3200 14.00 0.2400 3.150390 
0.3203 15.00 0.2400 3.113584 
0.3200 16.00 0.2400 3.099330 
0.3200 17.00 0.2400 3,08431 
0.3200 16.U0 0.2400 3.078878 
0.3200 19,00 0.2400 3.070794 
0.3200 20.00 0.2400 J.Q3891 
0.3200 21.00 0.2400 0.057951 
0.3200 22,00 0.2400 0.352303 
0.3203 23.00 0.2400 0.043311 
0.3200 24.00 0.2400 0.04369 
0.3200 25.00 0.2400 0,040890 
0.3200 26.00 0.2400 0.037305 
0.3200 27,U0 0.2400 0.035057 
0.3200 23,U0 0.2400 0.032598 
0.3200 29.00 0,2400 0.060388 
0.3200 30.00 0,2400 3.028396 
0.3200 31.03 0,2400 0,026594 
0,3200 32.00 0.2400 0,024953 
0.3200 33.00 0.2400 0.023463 
0.3200 34,00 0.2400 0.022108 
0.3200 35.00 0.2400 0.020362 
0.3200 36.00 0,2400 3.019720 
0.3200 37.00 0.2400 O.Cl8t,63 
0.3200 3.UU 0.2400 0,017698 
0.3200 39.00 0.2400 0.016302 
0.3200 40.00 0.200 0.015973 
0.3230 42.00 0,2400 0,014483 
0.3200 44.00 0.2400 0.013201 
0.3200 46.00 0.2400 0.012078 
0.3200 48.00 0.2400 0,011092 
0.3230 50.00 0.2400 3,010223 
0.3230 52.00 0.2400 J,0U9451 
0.3200 54.00 0.2400 0.0U8764 
0.3200 56.00 fl,403 0.0U6149 
0.3200 58.00 3.2400 0,007597 
0.3200 60.00 0.2400 0.007099 
0.3230 o5,PJQ 0.2400 0.006049 
0.200 70,00 0.2400 0,005216 
0.3200 75.00 0.2400 0.004543 
0.3200 0.U0 0.2400 0,U0393 
C8-22 
FIUAL 	Gft'IPUTED 1LSULTS 
STRESS 	KEDUCTIOI•J FACTOR 
EQUAL LfJD 	LCCEIjTPICITY 
ALLS 	IN SINGLE 	CtJRV.4TURE 
E/T H/T PHI V 
0.3333 .00 0.0493 33L47360 
0.3333 6.00 0.0739 3.33507 
0.3333 7.uLi 3.1064 0,315213 
0.3333 6.00 0,1510 0.290128 
0.3333 9.00 0.2213 3.250611 
0.3333 10.00 0.2223 0.20299 
0.3333 11,00 0.2223 0,1h7767 
0.3333 12.U0 3,2223 010970 
0.3333 13.U0 0.2223 0.120117 
0.3333 14.UU 0,2223 0.103570 
0.3.333 15.00 3.2223 0.090221 
0.3333 16.00 0.2223 0.079296 
0.3333 17,00 0.2223 3.070241 
0.3333 18.00 0.2223 0.062654 
3.3033 19,00 1.2223 J.0bb232 
0.3333 20.uO 0.2223 0.00749 
0.3333 21.00 0.2223 J.06O31 
3.3333 22.00 0.2223 J.C1942 
0.3333 23.00 0.2223 0.038374 
0.3333 24.00 0.2223 J.05243 
3.3333 25.00 0.2223 0.032480 
0.3333 26.00 1.2223 0.0.0029 
0.6333 27,00 0.2223 3,Q2734 
0.3333 2H.00 0.2223 3,05893 
0.3333 23,00 0.2223 3.324138 
0.5633 60.00 0.2223 0.022555 
0.3333 31.00 0.2223 0,021124 
0,3333 62.00 0.2223 0.019324 
0.3333 33.00 0.2223 3.018641 
0.3333 64,00 0.2223 0.017560 
0.3333 35.00 0.2223 0.016571 
0.3633 .b.U0 0,2223 0.015663 
0.3333 37.00 3.2223 0,014328 
0.3333 38.00 0.2223 3.014058 
0.3333 39.00 0.2223 3,013346 
0.3533 40.00 0.2223 0.012637 
0.3333 42.00 0.2223 0.011508 
0.3333 44.00 0.2223 0.01045 
3.3333 46,00 0.2223 3.009593 
0.3333 48,00 0,2223 0.008311 
0.3333 50,00 0,2223 0.003120 
0.3333 52.00 0.2223 0.307507 
3.3333 04.UO 0.2223 0.006962 
'3.3333 .00 0.2223 0,006473 
0.3333 53.00 3.2223 0.006034 
0.3333 60.00 0.2223 3.005639 
0.3333 35.30 0.225 0.004305 
0.3333 70.00 0.2223 0,004143 
0.3333 75.00 0.2223 0.003609 
0.3333 30.00 0.2223 3.003172 
C8-23 
FIliAL 	C]MPUTED 	RLSULTS 
STRESS EflUCTIoH FACTOR 
EQUAL Lfl LCCEHTRICITY 
WALLS ill SINGLE CURVATURE 
E/T H/T PHY V 
3.3430 5.00 0.0517 0.330907 
0.3400 b.OU 0.0780 0.316150 
0.3400 7.00 0.1132 0.2322 
0.3400 8.00 0.1635 0.268059 
3.3400 9.00 P.2133 0.221595 
0.3430 10.00 0.2133 3.179492 
0.3400 11.00 0,2133 
0.330 12.00 0,2133 -).124647 
3.3400 13.00 0.2133 3.106203 
0.3400 14.00 0.2133 0.091577 
0.3400 15.00 0.2133 0,379774 
0.3403 16.00 0.2133 0.070114 
0.3403 17,00 0.2133 0,062104 
0.3430 18.00 0.2133 0.05399 
0.3403 19.00 0.2133 0.049721 
0.3400 20.00 0.2133 3.Q44873 
3.3400 21.00 0.2133 0,0140731 
0.3400 22,00 0.2133 0.037085 
0.3400 23.00 0.2133 0.063930 
0.3403 24.00 0.2133 0.031162 
0.3400 25.00 0.2133 0.026719 
0.3400 26.00 0.2133 3.026552 
0.3400 27.00 0.2133 0.34622 
3.3433 2,00 0.2133 0.022394 
3.3400 29.00 0.2133 0.021343 
0.3400 60.00 0.2133 0.319944 
0.3400 61.00 0.2133 0.018674 
0.3400 32.00 0.2133 0,017523 
0.3400 63.00 0.2133 0.016482 
3.3433 34.00 0.2133 0.015527 
0.340fl 1b,00 0.2133 0.014452 
0.3430 36,00 0.2133 0,013350 
0,3400 37.00 0.2133 0.013111 
0.3400 38.00 0.2133 0.012430 
0.3400 39.1)0 0.2133 0.011301 
0.3400 40.00 0.2133 0.011218 
0.3400 42.00 0.2133 3.010175 
0.3403 44.00 0.2133 0.009271 
0.3403 46,00 0.2133 0.008483 
3.3400 4.00 3.2133 0.007790 
0.3403 50.03 0.2133 3.007180 
0.3400 52.00 0.2133 0.006638 
0.3400 54.00 0.2133 3.006155 
0,3400 56,00 0.2133 3.0U5724 
0.3400 n8loo 0.2133 0.005336 
0.3400 60.00 0.2133 0.3U4984 
0.3403 b5,00 0.2133 0.004243 
0.3400 70,00 0.2133 0.003663 
0.3403 75.00 0,2133 3.303191 
0.3400 60,00 0.2133 0.002305 
C8-24 
FILIAL 	COMPUTED 	RLSULTS 
STRESS rEDUCTION FACTOR 
EUAL L1JD ECcElTPILITY 
WALLS IN SINGLE CURVATURE 
L/T H/I PHY V 
0.3O0 5.00 0.0610 0.2E0703 
0.3600 0.00 0.0940 3.282109 
7.00 0,1430 0,234552 
0.3603 6.00 0.1867 0.1'78B3 
0.3600 9.00 0.1867 0.14851 
1U.U0 0.18E7 0,120245 
0.3603 11.00 0,18o7 0.099376 
0.3600 12.00 0.1867 3.03504 
0.3600 13.00 0.1867 0.071151 
0.3600 14,03 0.1867 0.061350 
0.3600 15,00 0.1867 0.uD3442 
0.3600 16,00 0.1867 0.06971 
0.3600 17.00 0.1867 0,041607 
0.3600 18.03 0.1867 0.037113 
0.3603 19.00 0.1867 0.053309 
0.3603 20.00 0.1867 0,030061 
0.3600 21.00 0.1867 0.027267 
3.3600 22,00 0.1867 0.024344 
0.3600 23.00 0.1867 3,022731 
0.3600 24.flU 0.1867 0.320876 
0.3600 25.00 0.1867 0.019239 
0.3630 26.00 0.1967 0,017738 
0.3603 27.03 0.1867 0.018495 
3.3800 28.00 2,1867 0.u15337 
0.3600 29.00 0.18b7 D.014296 
30.00 fl.1a67 0.013361 
0.3600 61.00 0.1867 0,012513 
0.3600 32.00 0.18h7 0.011743 
0.3600 33.00 0.1667 0,011042 
0.3600 34.L'O 0.1867 3.010402 
0.3600 35,00 0.1867 0.0U9816 
0.3603 36.00 0.1867 0.009278 
0.3500 37.00 0.1667 0.0U8753 
0.3600 38.00 0.1867 0.003327 
0.3600 39.03 0.1867 0.007906 
0.3603 40.00 0.1667 0,007515 
0.3603 42,00 0.1867 0,006817 
0.3800 44.00 0.1867 3.006211 
0.3603 46.00 0.1867 0.005683 
0.3600 48.00 0.1867 3,005219 
0.3600 50,00 0,1867 3.004410 
0.3600 52.00 fl.1867 0.004447 
0.3600 514,00 0.167 0.004124 
3.3600 56.00 0,18b7 0.003834 
0.3600 8.00 0.1667 0.O0357' 
0.3600 80.00 0.1667 0,003340 
0.3600 65.00 2.1867 1.002346 
0.3630 70.00 0.1867 0,002454 
0.3603 75.1)0 0.1867 0.302133 
3.3630 0.U0 0.1867 0.001379 
C8-25 
FIJ1L 	CO1PuTED 	RESULTS 
STflLSSLDUCTIOIj FACTOR 
E')U/\L -.ND ECCENTRICITY 
ALLS IN SINGLE CUVATURL 
LIT H/I PHY V 
0.3800 5.1)3 0.0752 3.227724 
0.3803 e.Uo 0,1226 0.2ul044  
0.3309 7.1)0 0,1600 0.154537 
0.3800 8.UO 0.1600 0.113317 
0.3300 9,00 0.161)0 0.093485 
10.00 fl.1&0o 3.u75723 
0.3800 11.00 0.161)3 0.082581 
0.3300 12,00 0.1600 0.0b2585 
0.3800 13.00 0.1600 0.04806 
0.3800 14.00 0.161)0 0,068634 
0.3300 15.00 0.1600 0,033655 
0.3800 16,00 0.1600 0.029579 
0.3603 17.00 0.1600 0,026202 
0.3800 18.00 0.100 0.023371 
0.3403 19.00 0.1600 0,020976 
0.3800 20,00 0.1600 0.013931 
0.340o 21.00 0.1600 0.017171 
0.3300 22.09 0,1600 0.015645 
0.3800 23.00 0.1600 0.014314 
0.3800 24,00 0,1600 0.013146 
0.3809 25.00 0.16U0 0,012116 
3.3800 26.00 0.3.600 0.011202 
0.3800 27.UQ 0.1600 0.010387 
0.3803 28,03 0,1600 3.0U9659 
0.3800 29.00 0.1600 0.009004 
0.3893 30,03 0.1600 0.098414 
0.3800 31.00 0.1600 0,01)7880 
0.3890 32.00 0.1600 0,0U7395 
0.3800 3.U0 0.1600 0.01)6953 
0.3803 34,03 0.1600 0.006550 
0.3800 35.1)0 0.161)0 0.006181 
0.3800 36,1)0 0.1600 0,005843 
0.3803 37,00 0,1600 0.005531 
0.3800 38.00 0.1603 0.01)5244 
3.3800 39.00 0.1600 3,904973 
0.3800 40.00 0.1600 0.004733 
0.3300 42.00 0.1603 0,0U4293 
0.3800 44.00 0.1600 0.00391 




0.3590 50.00 0.1600 0.003029 
0.3690 52,03 0.1803 0.3U2300 
0.3303 54.00 0.1600 3.002597 
0.3300 56.03 0.1600 0.002415 
0.3800 58.1)0 0.1690 0.002251 
1.3839 80.00 0.1600 0.01)2103 
0.3800 .00 0.1600 0.001792 
0.3200 70.00 0.1600 
0.3803 75.1)0 0,1600 0.001346 
0.3800 80.00 0.1600 3.0U1183 
C8-26 
FIJAL. 	COIIPUTEn 	RESULTS 
STRS 	-KEPLICTIU(J Fi\CTUI' 
EULJ/L LIJp 	ECCENTRICITY 
ALLS IN SINGLE CURVPTURL 
L/T H/T PHY V 
0.4000 5.00 0.1022 3.1t7537 
0.4003 6.00 0.1333 3.11725 
0.4000 7.LID 3,1333 0.O9431 
3.4000 8.00 0.1333 0,0h8471 
0.4000 9.00 0,1333 0.054100 
0.4303 10.00 0.1363 0.043821 
0.4000 11.00 0.1333 
0.4030 12.00 0.1333 0.030431 
0.4000 13.00 0.1333 0.025930 
3.4000 14.00 0.1333 0.022358 
0.4000 13.00 0.1333 0.019476 
0,4033 16.00 0.1333 0,01711 
0.4030 17.00 0.1333 0.015163 
0.4000 18,00 0.1333 3.013525 
0.4000 19.00 0,1333 0.012139 
3.4000 20,00 0.1333 0.010955 
0.4000 21.00 0.1333 0.309937 
0.4000 22.UO 0.1333 0.0U9051+ 
0.4000 23,00 0.1333 0.008284 
0.4000 24.00 0.1363 0.007608 
3.4000 25,03 0.1333 0.007011 
0.4000 26.00 3.1333 0.006482 
0.4003 27.00 0.1333 0.006011 
0.030 28,00 '.1333 0.305589 
0.4000 29,0(3 0.1333 0.005211 
0.4000 30.00 0.1333 0.004869 
0.4000 31.00 0.1333 0.004560 
0.4000 62.00 0.1333 0.004279 
0.4000 66.00 0.1333 0.004024 
0.4000 64.00 0.1333 0.003791 
0.4000 35.00 0.1333 0.003577 
0.4000 66.00 0.1333 0.00 3381 
0.4000 67.00 0.1333 0.003201 
0.4000 33,0(3 0.1333 0,003035 
69.00 0.1333 0.002681 
0.4000 40.00 0.1333 0,002739 
0.4000 42.00 0.1333 0.002484 
0.4000 44.00 0.1333 0.002263 
0.4000 46.00 0.1333 0.002071 
3.4000 48.00 0.1333 0.001902 
0.4000 50.00 0.1333 0.001753 
0.4000 52.00 0.1333 3.001621 
0.4000 54.00 0.1333 0.001503 
0.4333 56.00 0.1333 0.091397 
0.4003 58.00 0.1333 0.001303 
0.4003 60.00 0.1333 0.001217 
0.4030 65.00 0e1333 0.OL1037 
0.1+000 70.Ufl 0.1363 0.000894 
0.4000 75.u0 0.1333 3.000779 
0.4000 130.jo 0.1333 0.000685 
08-27 
FINAL 	CUHPtJTEfl 	RLSULTS 
STRESS HEDUCTTOFI FACTOR 
EQUAL LIID ECCENTRICITY 
f\LLS IN SINGLE CURVATURE 
L/T I-lIT PHY V 
0.4200 5.00 0.1067 
0.4200 6.00 0.1067 0.062324 
0.4200 7.00 0.107 3.045769 
0.4200 8.00 0.1067 0.0.5057 
0.4200 9.00 0.1067 0.027699 
0.4200 10.00 0.1067 0.022436 
0.4200 11.00 0.1067 3.018543 
0.4200 12.00 0.1067 0.015581 
0.4200 13.00 0.1067 0.013276 
0.4200 14.U0 0,1067 0,011447 
0.4200 15.00 0.1067 3.009972 
0.4200 16.00 0.10b7 0.008764 
0.4200 17,00 0.1067 0.007763 
0.4203 18.00 0.1067 0.0U6925 
0.4200 19.00 0.1067 0.006215 
0.4200 20.00 0.1067 0.005609 
0.4200 21.00 0.1067 3.005065 
0.4200 22.uO 0.1067 0.004636 
0.4200 23.00 0.1067 0.004241 
0.4200 24.00 0.1067 0.003895 
0.4200 25.00 0.1067 0.003590 
0,4200 26.00 0.1067 0,003319 
0.4200 27.00 0.1067 0.003078 
0.4200 2b.00 0.1067 0.1w2862 
0.4200 213.U0 0.1067 0.002668 
0.4203 .0.U0 0.1067 0.002493 
0.4200 611.1J0 0.1067 0.002335 
0.4200 32.00 0.1067 0.002191. 
0.4200 .3.U0 0.1067 0.002060 
0.4200 34.00 0.1067 0.001941 
0.4200 35.00 0.1067 0.01)1332 
3.4200 6.00 0.1067 0.001731 
0.4200 37.00 0.1067 0,001E39 
0.4200 38.00 0.1067 0.001554 
0.4200 .39.00 0.1067 0.001475 
0.4200 40.00 0.1067 0.001402 
0.4200 42.1)0 0.1067 0.001272 
0.4200 44.00 0.1067 0.001159 
0.4200 46.00 0.1067 3.01)1060 
0.4200 48.00 0.1067 0.000974 
0.4200 50.00 0.1067 0.01)0897 
0.4200 52.00 P.1067 0flU0R30 
0.4200 54.00 0.1067 0.000769 
0.4230 56,00 0.1067 3.300715 
0.4200 5.U0 0.1067 0.000667 
0.4200 60.00 0.11167 0.000623 
0.420 b5.30 0.1067 0.000531 
0.4200 70.00 0.1067 0.000453 
0.4203 75.00 0.1067 0.000399 
0,4200 oU,00 0.1067 3.000351 
FIIAL 	COIIPuTEfl 	RESULTS 
STRLS hEDUCTI0H FiCTOF 
FOAL E,17, ECCENT'-IC1TY 
CALLS IN SINGLE CURVATURE: 
LIT H/i PHI V 
0*44011 5.00 0.0800 0.G7361 
0.400 6.1)0 0.0800 0.06293 
0.400. 7.00 3.0800 0.019317 
3.4400 8.U0 3.0800 0,014790 
0.4-U0 9,00 3.0800 0.011686 
0,4403 10.00 0,3U0 0,009465 
0.400 11.00 0,U6IJO 0.007323 
0.4400 12.00 0.0800 0.006573 
0.4430 13.00 0,0800 0.005601 
0.4430 14.00 0.0600 0,004829 
0.4400 15.00 0.0800 0.004207 
0.4403 16,00 0.0800 3,003697 
17,00 0.0800 0,003275 
0.4400 18.110 0,0800 0.002921 
0.4430 19.00 0.0800 0.002622 
0.4400 20.00 0,0800 3,OU236 
0.4400 21,90 0,081)0 0.002146 
0.400 22.00 0,0800 0.001956 
0.4400 23,00 0.0800 0.001789 
0.4400 24.30 0,0800 0.001643 
0.4430 25.00 0.0800 0.001514 
0.4400 26,00 0.0800 0.001400 
0.4400 27.00 0,0800 8,001298 
0.4400 28,00 0,OUUU 0,001207 
0.4400 29.00 0.0800 0.001125 
0.4400 30.00 0.0800 0,001052 
0.4400 31.00 0.0800 0,000985 
0.4-0o 32,00 0,0800 0.0U0924 
0.4400 33.00 0.081)0 
0,4400 64,00 0,08JO 0,01)0819 
0,4400 35.1)0 0.0300 3,000773 
0.4400 36,00 0.000 3.000730 
0.4433 37.00 0.0803 0,000691 
0.4430 58.00 0,0300 0,000655 
0.4400 39,00 0 10800 0,01)0622 
0.4400 40.00 0.0800 0.000592 
0.4400 +2.00 0,0800 0.000537 
0.4400 44.00 0,081)0 0.000489 
0,4430 46.01) 0,0800 0,0U0447 
0.4400 48,00 0,0300 0.0U0411 
0,4403 50.00 3.0800 3,01)0379 
3.4400 52,00 0,0800 0,01)0350 
0.4430 54.00 0.0800 0.003325 
0.4400 56.00 0 10803 0,000302 
0.4400 58.00 0.U800 0.000281 
0.4430 60.00 0.0300 0.000263 
3.4400 65.00 0.0830 0.01)0224 
0.4400 70.00 0,0800 0,31)0193 
0.4400 7,0() 0,0803 0,000163 
0.4400 80.00 0.0800 0,OU01j4 
C8-29 
FINAL 	COripuTEn 	RLSULTS 
SThESS <EDuCTIoN FACTOR 
EQUAL LNfl ECCENTRICITY 
NALLS IN SINGLE CURVATURE 
L/T HIT PHY V 
0.4600 5.00 0.0533 0.011218 
0.4630 D.00 0.0533 0.üu7790 
0.40Q 7,00 0.0533 0.005724 
3.4600 13.00 0.0533 3.004382 
0.4600 9.00 0,0333 3,003462 
0.4600 10.00 0,0533 0.002305 
0.4603 11.00 0.0533 3.0U2316 
0.4600 12,00 0.0533 3.001948 
0.630 13.00 9.0533 0.001660 
0.4600 14.00 0.0533 0.001431 
0.4600 15.00 0.0533 3.001246 
0.4600 16.00 0,0533 0.001396 
0.4603 17.00 0,0533 0.000970 
0.4630 1.00 0.0533 J.000B66 
0.4600 19,IJU 0.0553 0.000777 
0.4600 20.00 0.0533 0.000701 
0.4600 21.00 0.0533 0.000636 
0.4600 22.00 0.0533 0,000579 
0.4600 26.00 0.0533 0.000530 
00 1+600 24.00 0,0533 0,000487 
0.4h0J 25.00 0.0533 0.000449 
0.4600 26.00 0.0533 0.000415 
0.4600 27.00 0.0533 0.000335 
C.46C] 28.00 0.0533 3.000358 
0.4600 29.00 0.0533 0.000333 
0.4630 60.00 0.0533 0.000312 
0.4600 31,00 0.11533 3.000292 
0.4600 62.00 0,11533 0,000274 
0.4600 53,00 0,0533 0.000258 
34.00 0.0533 0,300243 
0.4600 35.00 0.0533 0,000229 
0.4E103 36.00 0,0533 0.000216 
0.1463 0) 37.00 0.0533 3.000205 
0.4603 .58.00 0,0533 0.0110194 
0.4630 69.00 fl.0533 0,003184 
0.4600 40.00 0,0533 0.000175 
3.4600 42.00 0.0533 0.000159 
0.600 44.00 0.0553 0.000145 
0.600 46.00 0.0533 0,000133 
0.4600 46.00 0.0533 0,000122 
0.4600 50.00 0,0533 0.003112 
0.t3603 52.00 0.0533 0,000104 
0.603 54.00 0.0533 0.003096 
56.00 0.0533 0.000389 
0.4600 513,00 0.0533 3.000033 
0.4630 60.00 0.0533 0.000073 
0.4503 65.00 0,0533 0.000066 
70.00 0.0563 0.000057 
0.4500 75.00 0,0533 0,000350 
0.4600 130.00 0.0533 0,000041+ 
C8-30 
FINAL 	CoJrtJTEfl 	RLSULTS 
STRESS REDUCTION FACTOR 
EJU/L h-ND ECCENTRICITY 
ALLS IN SINGLE CUP'JATUkE 
LIT PRY V 
0.461)0 .U3 0.0267 0.001402 
0.4333 6,1)0 0.0267 0.390974 
3,481)0 7.1)0 0.0267 0.000715 
0.4800 6.00 0.0267 0,0U0548 
0.4800 9,UD 0.0267 0.01)0433 
0.430() 10.00 0.1)267 0.090351 
0.4800 11,1)0 0.0267 0.01)0290 
0.400 12.00 0.3267 3.01)0243 
0.4U0 16.00 0.U267 0.01)0207 
0.4600 14.00 0.0267 0.000179 
0.4500 15.1)0 0.0267 0.000156 
0.4830 16.00 0.0267 0,000137 
0*4600 17.00 0.0267 0.01)0121 
0.4800 18.1)0 0.0267 0,01)0108 
19.00 0.0267 0.000097 
0.4603 20.1)0 0.0267 0,00008 
3.4300 21,00 0.U267 3,0U0079 
0•4600 22.00 0.0267 0.01)3072 
0.4803 26.00 0.0267 0.000066 
0.4600 24.00 0.0267 0.003061 
0.4300 25.00 0.1)267 0.000056 
0.4800 26.00 0.0267 0.000052 
0.4300 27,00 0.0267 0.000048 
0.4800 26.1)0 0.0267 0.000045 
0.4600 29.00 0.3267 0.31)3042 
0.4800 30.00 0.0267 0.31)0039 
0.4800 31.00 0.0267 0.01)0036 
0.4800 6.0U '1,0267 O.0u0034 
0.4800 6.00 0.0267 0.090032 
0.4800 34,00 0.0267 0.01)0330 
0.4800 35,U0 0.0267 0.0U0029 
0.4800 66.00 0.0267 0.01)0027 
0.4803 67.00 0.0267 0.000026 
0.4800 38.00 0.0267 3.000024 
39.00 0.0267 3.000023 
0.4800 40,03 0,0267 0.01)3022 
0.4800 42.00 0.0267 3.000020 
3.4503 44.00 0.0267 0.000013 
3.4800 46.03 0.1)267 0.0U0017 
0.481)0 48.1)0 0.0267 0.01)0015 
0.4800 50,1)0 0.0267 0,000014 
0.4800 52,33 0.0267 3,0U0013 
0.4800 54.1)0 0.U267 0.003312 
0.4.300 D6.U0 0.0267 0.000011 
0.4803 58.00 0.0267 0.OUO010 
0.4300 60.00 0,0267 0,01)0310 
3.4303 65.03 0.0267 0.000006 
0.4600 /I).U1) 0.0267 0.000007 
0.4400 75.1)0 0,0267 0,000006 
0.4600 0.U0 fl,u267 3.000005 
cS-31 
FLJAL 	CUMPUTED 	RESULTS 
STRESS REDUCTIOH FACTOR 
EQUAL LNfl ECCENTRICITY 
cALLS IN SINGLE CURVATURE 
L/T NIT PlY V 
0,5030 5.00 0.0000 0,000000 
0.5000 6,00 0.0000 0.000000 
0.5000 1.00 0.0000 0.000300 
0.5000 8.00 0,0000 0.000000 
0.5000 9,00 0.0000 Q.QU0000 
0.5000 10.00 0.0000 0,O'JOOOO 
0.5000 11.00 0.0000 0,000000 
0.5003 12.00 0.0000 0,000000 
0.5300 15,00 0.0000 0.000000 
0.5030 14.00 0.0000 0.000003 
0.5000 15.00 0.0000 0.000000 
0.5000 16.00 0.0000 0.000000 
0.5000 17.00 0.0000 0,000000 
0.5000 lb.00 0.0000 0.000000 
0.5030 19.00 0.0000 0.000000 
0.5000 20.00 0.0000 0,000000 
0.5030 21.00 0.0000 0.000000 
0.5000 22.00 0.0000 U.Ou0000 
0.5000 26.UQ 0.0000 0.000000 
0.5000 24.00 0.0000 0,000000 
0.5033 25,00 0.0000 '3.000000 
0.5000 26.U0 0.0000 0.000000 
0.5000 27.03 0.0000 0.000000 
0.5000 28.00 0.0000 0.000000 
0.5000 29,00 0.0000 0,0u0000 
0.5030 60.00 0.0000 0,000000 
0.5000 51.00 0.0000 0.000000 
0.5000 52.00 0.0000 0 • OU0300 
0.5033 33,00 0.0003 0.000000 
0.5000 64.00 0.0000 0.000000 
0.5000 6D.00 0,0000 0.000000 
0.5000 36,00 0,0000 0,000000 
0.5000 67,uO 0.0003 0,003300 
0.5000 68.00 0,0000 0.0U0000 
0.5000 59,00 0,0000 0.000000 
0.5000 40.00 0.0000 0.000000 
0.5000 42,00 0.0000 0.000000 
0.5030 44,00 0,0300 0,300000 
0.5030 46.00 0.0000 0.000000 
0.5000 48.00 0.0000 0.000000 
0.5000 50.00 0,0000 0,000000 
0.5000 52.00 0 10000 0.000000 
0.500 54.00 0.0000 0.000000 
0.500u 56.UiJ 0.0000 0.000000 
0.5000 58.00 0.0000 0,000300 
0.5000 60,00 0,0000 0.000000 
0.5000 85.00 0.0000 0,000000 
0.5000 70.00 3.0000 0.000000 
0.5000 75.00 0.0000 0,000000 
0.5uJ0 l0.U0 3.0000 0.000000 
STOP 
96 KBYTES USLO 	j3fl-STtP RETURN COPE = 	n 
C9 
CTCTL3/ 
E.R.C.L. FORTRA;J COMPILER RELEASE 6 VERSION 5 
1. C PPOcRA 	FOR CUBIC EQUATIUH SOLUTION 
2 C PBOGRAME A. 	AWNI 
C THIS PRUIAM SOLVES 799 CUBIC EOLT1ON FOR 	WALLS 
4 C BENT IN DOUBLE CURVATURE TO OBTAIN THE 
5 C HALL END ROTATIOJ 	'PHY' 
6 C SA'iE 	'POGRAFi CAN BE USED FOR 	WALLS 	BENT 
7 C IN SIHJ&LL cUNATURE RUT 	THE ALL SLE'JDEI- NESS 	MUST 	BE DOUBLE 




12 REAL* 	E(17) ,SLEIiD(47) ,XO2AAF,COEF N) ,R[Z(4) ,IMZ(+) ,DLJMMI,TO 
16 1 	FOiH1AT10F5.2) 
READ(51) 	(E(K),h1917) 
15 READ(5') (SLEHD(J),J1'47) 
lb DO 	10J 	K1917 
17 DO 100 J1,7 
18 REALV((SLEND(U))/(2.0))**2*((1.0)/(55.5)) 
19 CCjEr(1).*9.869  




24 TOLX2AAF (DUMMY) 
25 IFAILO 
26 CALL 	0021\LF(COEF,N,RLZ' IiZ ,TOLcIFIL) 
27 IF(IFAIL.L.0) 	GOlD 	10 
28 WRITE(6.15) 	IF/IL 
29 15 	FUR iv, AT( 'IFAIL= 	'14 
30 GOTO :01 
31 13ITE(6,30)  
32 30 	FrJPJVAT( 	T200ROOTS 	OF 	EUATIDH',3(2F12.8//)) 
33 100 CONTINUE 
34 lul 	STOP 
35 E kin 
ODL+ciLA+SYMTAES+f'RPAYS = 1088+ 536+ 112+ 60B= 2344 BYTES 
*CQ1pjLAT1ON SUCCESSFUL 
